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CORRECTION 


On page 756, Vol. 96, No. 3, June, 1932, Experiment 4, line 2, read 0.4 
w HCl for 0.04 w HCl. 











INORGANIC PHOSPHORUS OF HORSE SERUM 
THE EFFECT OF AGE AND NUTRITION 


By P. B. PEARSON 


(From the W. K. Kellogg Institute of Animal Husbandry, University of 
California, Pomona) 


(Received for publication, April 9, 1934) 


Relatively little information is available on the phosphorus con- 
tent of horse blood. Abderhalden (1), in his pioneer investigations 
of 1898, analyzed the blood of two horses and reported 3.3 mg. of 
inorganic phosphorus per 100 ml. of serum. Robinson (2), using 
the method of Fiske and Subbarow, determined the inorganic phos- 
phorus content of the blood of forty-four horses and found a range 
of 1.92 to 5.36 mg. per 100 ml. of serum with an average of 3.19, but 
did not indicate the age or breed of the animals from which the 
blood samples were obtained. The most complete work on the 
normal phosphorus values for mature horses is that of Kintner and 
Holt (3), who analyzed the blood of 69 horses and found a range 
of 2.63 to 5.00 mg. of inorganic phosphorus per 100 ml. of serum with 
an average of 3.55mg. Ina recent paper Dimock and Healy (4) re- 
’ port an average of 4.9 mg. of inorganic phosphorus per 100 ml. of 
serum obtained from four thoroughbred yearling fillies. They 
observed no significant change in the phosphorus content of the 
serum from overfed fillies that received, in addition to the standard 
diet, haliver oil and ultra-violet ray treatments. 


Methods 


The blood samples were obtained from 76 horses, varying in age 
from 118 days to 23 years. All of the animals used for the study 
of the normal phosphorus values had been on a standard diet for 
several months. This diet consisted of a limited amount of grain 
and green feed and a liberal allowance of good quality hay. Those 
under 10 months of age were not yet weaned. Mature horses 
grazed on a pasture devoid of green herbage were observed in order 
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to ascertainif this nutritional régime affected the serum phosphorus, 
Except for three grade Arabians, all of the animals were pure-bred 
Arabian horses of similar lines of breeding. Consequently, the 
genetic variability, if such occurs, should be a minimum factor. 

The blood was drawn from the jugular vein and the serum from 
the individual samples was separated from the corpuscles by cen- 
trifugation. The inorganic phosphorus was determined by the 
method of Youngburg and Youngburg (5). At frequent intervals 
simultaneous determinations were also made by utilizing the 
method of Fiske and Subbarow (6). This procedure served asa 
double check. 

Normal Phosphorus Values—For the purpose of statistical analy- 
ses of the data, the animals are divided into age groups by years 


TaBLe I 
Mean Concentration of Inorganic Phosphorus of Serum 

















No. of animals Age Inorganic P per 100 | Standard deviation 
yrs. mg. 
17 Under 1 5.23 + 0.130 0.536 
12 1-2 4.41 + 0.092 0.320 
7 2-3 4.29 + 0.146 0.386 
6 34 3.64 + 0.141 0.347 
18 Over 4 3.37 + 0.041 0.176 





up to the time they reach maturity, when a more or less constant 
level for inorganic phosphorus of the serum is reached. The mean 
concentration of the inorganic phosphorus of the serum is recorded 
in Table I. 

The mean value of 3.37 + 0.041 mg. of inorganic phosphorus per 
100 ml. of serum for mature animals is not significantly different 
from the average of 3.55 mg. reported by Kintner and Holt (3). 
The mean value of 4.41 + 0.092 mg. of inorganic phosphorus per 
100 ml. of serum for animals 1 to 2 years old is somewhat lower 
than the value of 4.9 mg. reported by Dimock and Healy (4) for 
horses of similar age but of a different breed. 

Correlation between Phosphorus and Age of Growing Animal— 
Since the inorganic phosphorus content of the serum decreases 
with increasing age of the growing animal, a correlation study was 
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made between these two factors. The data used in this computa- 
tion represent the inorganic phosphorus values ranging from 3.16 to 
6.20 mg. per 100 ml. of serum obtained from forty animals ranging 
in age from 118 days to 3 years and 10 months. By means of the 
equation of Wallace and Snedecor (7) for machine calculation of 
the correlation coefficient, we find that the derived r = —0.768 + 
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Fia. 1. Scatter diagram of relation between inorganic phosphorus con- 
tent of the serum and age’of the growing animal. The regression line shows 
the estimated or average phosphorus values corresponding to varying ages. 


0.066. This high negative correlation means that with increasing 
age of the growing animal there is a decrease in the inorganic phos- 
phorus content of the serum. 

The regression line (Fig. 1) superimposed upon a familiar scatter 
diagram of the original data shows the estimated or average phos- 
phorus values corresponding to varying ages. The regression 
line is immediately useful for estimating the inorganic phosphorus 
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content of the serum of other horses within the age range con- 
‘ sidered, and with similar breeding and environmental conditions. 
The estimated value may also serve as a standard of comparison 
for inorganic phosphorus values observed in growing horses sub- 
jected to abnormal environmental conditions, nutritional régimes, 
or in pathological cases. 

Effect of Nutritional Régimes—During the summer and autumn 
months sixteen mature horses were grazed on hill pasture. Since 
the precipitation during the 4 months prior to executing this study 
was nil, the feed consisted almost entirely of dry forage plants. 
The inorganic phosphorus of the serum of the horses grazed on this 
pasture ranged from 2.45 to 2.91 mg. per 100 ml. of serum, with a 
mean of 2.63 + 0.054; standard deviation 0.217. The animals 
grazed on dry forage showed markedly lower phosphorus values 
than the mature horses receiving an adequate diet and having a 
mean serum phosphorus of 3.37 + 0.041 mg.; standard deviation 
0.176. These differences are highly significant statistically and 
leave no doubt as to the effect of the nutritional régimes on the 
inorganic phosphorus content of the serum. 

In order to ascertain if the hypophosphoremia' was due to quan- 
titative dietary differences, the sixteen horses were moved to an 
adjoining pasture with similar herbage not previously grazed during 
the year, as the former pasture had been, thereby insuring an abun- 
dant supply of feed. 14 days later blood samples were obtained 
from eight of the horses; the analyses showed no increment in the 
inorganic phosphorus content of the serum. This fact led us to 
suspect that the hypophosphoremia was probably due to the low 
phosphorus content of the forage plants on which the horses were 
grazed. The phosphorus and calcium contents of the three pre- 
dominating species of forage plants gathered from the ungrazed 
pasture at the time the horses were moved into it are reported in 
Table II. 

Inspection of Table II shows that both of the wild oats species 
are considerably lower in phosphorus and calcium than is bur-clover. 
The bur-clover was less abundant than either of the wild oat species. 
A comparison of the datain Table II with a large number of analyses 
of the same species gathered from native pastures in various sec- 

1 The term hypophosphoremia is used to denote an inorganic phosphorus 
content of the serum significantly below the normal. 
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tions of California, shows that the phosphorus values reported in 
Table II are more nearly comparable to the lower figures reported 
by Hart et al. (8), rather than with the normal values. The data 
indicate that the hypophosphoremia was due to the low phos- 
phorus content of the herbage upon which the horses were grazed. 

Recovery from Hypophosphoremia—Some indication as to the 
rapidity of recovery from the hypophosphoremia when the horses 
were changed to a different nutritional régime is obtained in the case 
of two animals. Two mature horses, selected at random from the 
sixteen head, were moved from the pasture and given a ration of 
4 pounds of grain daily and a liberal allowance of good quality 
alfalfa and oat hay. When this change was made the inorganic 
phosphorus content of the serum was 2.45 and 2.91 mg. per 100 ml. 


TaBLe II 
Percentage Composition of Forage Plants* 





Calcium Phos- Ratio, 


Species Moisture phorus Ca:P:1 








Wild oats (Avena fatua)...............] 4.45 0.46 0.17 2.6 
Slender wild oats (Avena barbata)..... 4.74 0.39 0.09 4.7 
Bur-clover (Medicago hispida).........| 5.65 1.62 0.26 | 6.2 





* Analyses for Ca and P on moisture- and silica-free basis. 


respectively. 7 days later the inorganic phosphorus content of the i 
serum of the first animal showed an increment from 2.91 to 3.29 
mg. per 100 ml.; while 8 days later the second animal showed an 
increment from 2.45 to 3.33 mg. per 100 ml. of serum. 


SUMMARY 


1. There is a high negative correlation (r = —0.768 + 0.066) Hf 
between the age of the growing horse and the inorganic phosphorus : 
content of the serum. 

2. The inorganic phosphorus of the serum of the horse tends to 
approach a constant level at maturity. The level is, however, 
affected by an inadequate phosphorus intake. 

3. Mature horses grazed on dry forage showed an inorganic phos- 
phorus content of the serum significantly lower than that of horses 
receiving a limited amount of grain and green feed, and a liberal 
allowance of hay. 
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4. Recovery from the hypophosphoremia was effected within 8 
days after changing from a phosphorus-deficient to an adequate 
phosphorus intake. 


Acknowledgment is made to Mr. H. H. Reese for providing facili- 
ties and assistance for observations in the field. 
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STUDIES OF THE ACID-BASE CONDITION OF BLOOD 


III. THE VALUE OF pK’ IN THE HENDERSON-HASSELBALCH 
EQUATION FOR HUMAN AND DOG SERA, DETERMINED 
WITH THE SIMMS ELECTRODE* 


By HOWARD W. ROBINSON, J. WAIDE PRICE, anp 
GLENN E. CULLEN 


(From the Children’s Hospital Research Foundation and the Department of 
Pediatrics, College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, March 22, 1934) 


For many reasons well summarized by Peters and Van Slyke 
(1931), it is generally recognized that in studies of the acid-base 
equilibria in blood and other body fluids, the relations between 
pH and the concentrations of carbonic acid and bicarbonate are 
of fundamental importance. 

The fundamental mass action equation for the system of a weak 
acid in the presence of its salts has been used, for the conditions 
existing in blood serum, in the form known as the Henderson- 
Hasselbalch equation 

[BHCO,] 


H = pK’ + log ———— 
PH = pK’ + 108 TH.COul 


In this equation [BHCO,] is the concentration of bicarbonate 
(B indicating monovalent cations) and is used as the equivalent 
of [HCO ;~] in the fundamental equation. [H»CO,], the term for 
the concentration of carbonic acid, includes all free CO, and is 
calculated from the CO, tension, p, and the solubility coefficient, 
a; thus [H:CO;] = apCO,. In the first development of this 
equation the constant pK’ was a summation constant which in- 
cluded the first dissociation constant of carbonic acid, the degree 
of dissociation of the bicarbonate molecules, and the assumption 
that the total concentration of HCO; could be used for the undis- 


* A preliminary report was presented before the American Society of 
Biological Chemists at Cincinnati, April, 1933 (J. Biol. Chem., 100, Ixxxii 
(1933)). 
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sociated acid. With the introduction of the activity concept 
by Lewis, it was realized that the pK’ in this equation is a function 
of the activity coefficients of the ions which are in turn influenced 
by the thermodynamic environment. The pK’ in any dilute 
solution changes inversely with change in ionic strength. In 
serum the stability of pK’ will depend chiefly on the constancy of 
the total electrolyte and protein concentration. In both normal 
and pathological sera the ionic strength is relatively constant; 
i.e., equivalent to a total monovalent salt concentration of 0.15 
to 0.16 N. 

Several points in the use of the Henderson-Hasselbalch equation 
in blood studies should be noted. (1) It is, of course, somewhat 
limited in its application, but is satisfactory for most pathological 
purposes (see Van Slyke (1922) for detailed discussion of this 
point). (2) It is preferable to retain the notation pH and pK’ 
rather than the more modern paH and paK’. (See discussion 
under calculation of pH.) (3) It is generally recognized that 
acid-base studies of blood can best be made with serum. (4) The 
pK’ value for acid-base studies is conventionally accepted as the 
value at 38°—“‘normal’’ human body temperature. 

For several reasons we have thought it desirable to redetermine 
the value of this important constant, pK’, for human and dog sera: 
(1) The results of Cullen, Keeler, and Robinson (1925) and of 
Hastings, Sendroy, and Van Slyke (1928), although carried out 
with almost identical technique, are not in as close agreement as 
the accuracy of the technique warrants, and, moreover, in each 
set of determinations the results have too wide a spread and are 
too few in number for statistical analysis; (2) the influence of 
various pathological conditions on the serum pK’ needed more 
study; and (3) much of the experimental work in acid-base equi- 
libria is based on dog sera, and, although the few comparisons 
available (Cullen, Keeler, and Robinson) indicate that the pK’ 
values for human and dog sera are identical, a more extensive 
comparison seemed desirable. 


Sources of Error in pK' Determinations 


The method of determining the pK’ used in this work involves 
the equilibration (or saturation) of the serum with a gas mixture 
of known CO, content. Three analyses are required: (1) the 
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determination of the total CO, of the equilibrated solution; (2) 
the analysis of the gas phase for CO, concentration; and (3) the 
determination of the pH. 

The error in total CO, determination withthe 50 cc. form of 
the Van Slyke manometric apparatus is within 0.3 volume per 
cent of CO.. For the average serum CO, content this corresponds 
to about 0.003 pK’. 

The errors which have undoubtedly caused most of the variation 
in previous reports are concerned with the CO, tension, which is 
involved both in the saturation of the serum with CO, and in the 
pH determination with the hydrogen electrode. The HCO; value 
of the saturated serum, calculated from the CO, tension, depends 
upon the accuracy of the tension adjustment, or analysis of the 
final CO, concentration, and upon the constancy of the solubility 
coefficient. This coefficient has been carefully redetermined for 
38° by Van Slyke, Sendroy, Hastings, and Neill (1928) and found 
to have a value in normal human serum of 0.510 with variations 
in the third decimal place. They found that, in pathological 
serum containing much fat, the value of this coefficient may reach 
0.540. Van Slyke, Sendroy, and Liu (1932) state in regard to 
serum high in fat, “However, even in such serum, it is probable 
that the value 0.510 represents approximately the solubility of 
CO, in the water phase, and that the use of the value, a = 0.51, 
in calculating [H2CO;], seldom involves an error of over 1 per cent.”’ 
This would influence the pK’ value only 0.004 unit. In the present 
work we have assumed that the value of the solubility coefficient 
for dog serum is the same as that for human serum. Since a 
constant figure for 38° is used, any changes in the actual solubility 
would be undetected as such but would influence the value of pK’. 

For the pH measurement, with any hydrogen electrode, the 
greatest accuracy is obtainable only when the CO, tension of the 
CO,-H: gas mixture matches exactly the CO, tension of the satu- 
rated serum. Under such conditions the pH determination in 
serum is accurate to +0.005 pH. The Hasselbalch refill technique, 
by which the CO.-H, gas mixture in the electrode is brought, by 
successive refills with serum, to the same CO, tension as that of 
the serum, as evidenced by the attainment of a constant potential, 
is satisfactory only if enough serum is available for the many 
refills usually required. The supply of human serum is often too 
limited for satisfactory pH determinations with the refill technique. 
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In previous work on pK’, both in our laboratories and in Van 
Slyke’s, a separate CO.-H: mixture of the same CO, tension used 
for equilibrating the serum has been prepared for the hydrogen 
electrode pH determination. This means that two separate CO, 
gas mixtures have to be prepared and thus the possibility of error 
is doubled. 

In order to avoid this and to utilize a known constant CO.-H; 
mixture, we have returned for this study to the principle, used 
by Hasselbalch (1910) in his original work and later by Warburg 
(1922), of utilizing the same CO,-H, mixture in one apparatus for 
both saturation and for the pH determination. The Simms (1923) 
bubbling electrode proved itself (see below) admirably suited for 
this purpose, and has the added advantage of great economy 
of serum. 

It should be pointed out that there is one further difference 
between the Hasselbalch technique of equilibration with CO2-H, 
mixtures and the procedure used previously in Van Slyke’s and 
in our laboratories, in that, in the latter method, the initial equi- 
librations of the sera were made with CO,-air mixtures. Theo- 
retically, the former should be better for the pH determination, 
since it avoids the introduction into the electrode of the small 
amounts of oxygen dissolved in the serum. If there is a difference 
in any changes which may occur in the serum during the equilibra- 
tion under aerobic or anaerobic conditions, it is at present 
undetected. 


Control of Methods and Technique 


Total CO, Determinations—These were carried out in the Van 
Slyke 50 cc. manometric apparatus with Ostwald-Van Slyke 
“between marks” pipettes. All the determinations were made 
on 1 ce. samples. All the values for CO, in Tables I to III are for 
total CO,, indicated by the symbol [CO,]. 

CO, Analysis of Gas Mixtures—These were made with the Hal- 
dane-Henderson gas analysis apparatus. 

pH Determinations—These were made with the Clark electrode 
and with the Simms electrode (see below). The Clark electrode 
system (1915), in which the small cells with thermometer were 
used (Cullen, 1922), was set up in an air thermostat at 38° + 0.02°. 

The platinum electrodes for both the Clark and Simms apparatus 
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were the plate type of sheet platinum about 2 X 3 mm. welded 
to a platinum lead-in wire which extended through the glass tube 
for connection with the lead to the potentiometer. Mercury was 
never used. The glass tubes for the Simms electrode have three 
small glass projections, about 1.5 cm. above the plate, to aid in 
centering without damaging the electrode coating. This coating 
was platinum black deposited from Merck’s chloroplatinic acid 
to which a trace of lead chloride was added. The electrodes were 
freshly prepared and standardized for each serum determination 
as described in our previous work on pK’ (Cullen, Keeler, and 
Robinson). 

Hydrogen and Hydrogen-CO, Mixtures—The hydrogen was that 
prepared electrolytically and furnished in high pressure cylinders 
by the Ohio Chemical Company. It was as near 100 per cent H; 
as could be determined by analysis. For the major portion of the 
pK’ work, mixtures of hydrogen and carbon dioxide prepared for 
us by this company have been used. Repeated analysis over a 
period of 3 years on one of these cylinders gave 5.56 + 0.01 per 
cent COr. 

Mixtures of hydrogen and carbon dioxide for comparison with 
those from the cylinders and for saturation of sera at varying CO, 
tensions were prepared with CO, produced from limestone in a 
Kipp generator. The gases were measured approximately by 
pressure (Van Slyke, Wu, and McLean, 1923) into a 3 liter Pyrex 
tonometer which contained about 50 cc. of a calcium chloride 
solution of 1.40 specific gravity. The solubility of CO, in this 
solution is 1/16 that of water. The tonometer was shaken vigor- 
ously, the CaCl, solution serving as a medium to mix the gases. 
It was then connected to a reservoir of the CaCl, solution which 
kept the gas mixture under sufficient positive pressure for transfer 
to the equilibration tonometer or for bubbling through the Simms 
electrode. In either case the residue of the gas mixture was 
run into two Bailey sampling bottles for duplicate gas analyses. 
This technique insures a gas sample for analysis which correctly 
represents the CO, tension of the gas phase with which the solution 
was equilibrated. 

Equilibration of Sera with CO, Mixtures in Tonometers—This 
technique was in general that described by Austin ef al. (1922) 
except that in all cases the final CO, tension of the gas phase was 
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checked by analysis. In brief, the serum was transferred to the 
Pyrex tonometer, air was evacuated, and the tonometer refilled 
with the desired CO.-H, mixture. The tonometer was rotated 
in the air bath for 15 minutes and then, always in the constant 
temperature bath, was connected to the CO.-H2 mixture which was 
allowed to wash through the tonometer, over the serum, for 10 or 
more minutes. The CO.-H, mixtures were brought to the tem- 
perature and vapor pressure of the tonometer by washing through 
an elaborate 0.9 per cent saline washing train which was also in 
the 38° air bath. This alternation of washing and rotation was 
continued until equilibration was complete as evidenced by the 
agreement both of the successive total CO, determinations which 
were made after each rotation and of the analysis of the gas phase 
of the tonometer with that of the CO.-H: mixture of the train. 
Usually two and always three saturations were sufficient. For 
all analyses the serum was removed to the familiar mercury 
sampling tubes (Austin et al.). 

Calculations—The pH was calculated by substituting in the 
usual equation, pH = (E.m.F. — e)/0.0617, the electromotive force 
reading of the customary gas chain. The comparison electrode 
was a saturated KCl calomel half-cell. The value e was obtained 
with our standard reference solution, which is 0.1 n HCl prepared 
from constant boiling acid to which we assign the value pH = 1.080 
(Cullen, 1922). The validity for this standard, which is now 
widely used in American biological laboratories, has been discussed 
previously in detail (Cullen, Keeler, and Robinson, 1925; Robin- 
son, 1929). The potential of the system 


KClisat. 
HeCl 


corrected to 760 mm. of dry hydrogen at 38° is 0.3024 volt. This 
makes the potential of the saturated calomel half-cell 0.2358 volt. 
The working standard of m/15 phosphate solution made from 
Merck’s Blue Label “S¢grensen”’ salts is almost as reproducible 
as the 0.1 n HCl. The m/15 solution of 8 parts of Na,HPO, 
solution to 2 parts of KH2PQ, solution has a pH at 38° of 7.363. 
In retaining the pH notation it is important to emphasize that 
the pH values used here for the calculation of pK’ of carbonic acid 
are identical with those previously reported by ourselves, with the 


~Pt, H, (1 atmosphere) » HgCli.) | Hg* 





0.1 n HCl | KCl sat.> | 
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pH values of Hastings and Sendroy (1924), the paH values of 
Hastings and Sendroy (1925), the paH values of Hastings, Mur- 
ray, and Sendroy (1926-27), and the paH values of Stadie and 
Hawes (1928, a); but are not identical with the paH values 
of Sgrensen and Linderstr@m-Lang (1924). 

The CO, tensions were calculated from the per cent CO, in the 
gasphase. The relation for 38° is pCO, = per cent CO, (B — 49.3) 
where B is the corrected barometric pressure at the time of the 
determination and 49.3 is the value of the vapor pressure of water 
(both in mm. of Hg). 

The Van Slyke, Sendroy, Hastings, and Neill value for the 
solubility coefficient of CO, for serum at 38° of 0.510 was used 
throughout. In terms of volume per cent then 


(H,CO,] = oo apCO; = 0.0671 pCO; 


The total CO, was calculated with Van Slyke-Sendroy (1927) 
factors. All determinations on sera equilibrated in the Simms 
electrode were multiplied by 1.01 to correct for the octyl alcohol 
dilution error (see below). 

The CO, determinations in this paper are expressed in volume 
per cent; 7.e., cc. of gas, reduced to 0° at 760 mm., per 100 cc. of 
solution. They may be expressed in mm per liter by multiplying 
by 10 and dividing by 22.26, the volume of 1 mole of CO, at 
0°, 760 mm. 

The pK’ values were calculated, on the basis of the above fac- 
tors, with the Henderson-Hasselbalch equation arranged in 
the form 
[total CO.] — 0.0671 pCO: 

0.0671 pCO, 


The Simms Bubbling Electrode—For the reasons discussed 
under “Sources of error’ we desired to saturate serum in the 
same vessel and with the same gas mixture that was to be used 
for the pH determination. The form of bubbling electrode de- 
scribed by Simms seemed suitable because of its simple tempera- 
ture control and because its convenient 4-way stop-cock appeared 
to offer adequate protection against contamination from the satu- 
rated KCl solution used as the bridge to the calomel half-cell. 





pK’ = pH.,..- log 
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Since it has not been generally used for serum (Stadie, O’Brien, 
and Laug (1931) report its use, without details, in standardizing 
their glass electrode system), we felt it necessary to study carefully 
its suitability. 

The accuracy of the temperature control was studied first. The 
Simms electrode has water jackets about the electrode vessel, 
the water saturating chamber, and the calomel half-cell. Water 
at constant temperature from a temperature-controlled bath, in 
this work a 5 gallon crock with toluene regulator and 250 watt 
lamps for heating, is circulated through the system by an electri- 
cally driven rotary pump. All leads to the water jacket are thick 
rubber tubing. With the water in the bath at 38.3°, the tempera- 
ture of the fluid in the electrode vessel can be maintained at 
38° + 0.05°. 

It is necessary to bubble the gas, hydrogen, or hydrogen-CO, 
mixture through the system at a constant rate which can be con- 
trolled best by a combination of reducing and needle valves 
attached to the high pressure gas tanks. The saturated calomel 
half-cells were always kept at 38° in an air thermostat whenever 
the system was not in use. 

The electrode chambers of our vessels are slightly larger than the 
ones described by Simms and, with electrode tubes of 3.5 mm. 
diameter, allow equilibration of as much as 4 cc. of solution. 

Comparison of Determinations with the Clark and the Simms 
Electrodes—Since, in biological work in this country, most of the 
pH and pK’ values have been determined with the Clark electrode, 
the performance of the Simms electrode was compared with that 
of the Clark electrode. The pH values of numerous phosphate 
solutions, determined in parallel with the two electrodes, always 
agreed within 0.002 to 0.003 pH. Likewise, the pH values of 
both human and dog sera, when equilibrated with CO.-H: gas 
mixtures as detailed below, were identical with the two electrodes. 

As a further control, not only of the identity of the results with 
the two types of electrodes, but of our technique in general, parallel 
pH and pK’ determinations were made with the Simms and the 
Clark electrodes on NaHCO;-HCO;-NaCl systems. CO.-H: gas 
mixtures of known composition were equilibrated with solutions 
containing 0.03 m Na2CO; and varying concentrations of NaCl. 
The resulting pK’ values agree approximately with values cal- 








_ —_—_ i. > (a La 


> ee Ll /~ ee hr hlUC UC 


mont ©O ® oO fC ro se he Ore es FO 








—e - BO se Do oO et ~~ «DUD 


ao @ Ww & 





Robinson, Price, and Cullen 15 


culated with the equation of Hastings and Sendroy (1925) for this 
system, pK’ = 6.33 — 0.5 Vu. Some of our mixtures were exactly 
the same as those used by Stadie and Hawes (1928, b). As our fig- 
ures check so closely the work of these workers, it seems un- 
necessary to use space to record these experiments. The results 
with the two types of electrodes were identical. 

We confirm Simms in that one of the advantages of this elec- 
trode is the freedom from contamination with KCl on successive 
equilibrations. Simms also reported constancy of reading to 
within a few tenths of a millivolt within 2 to 4 minutes. Even 
with phosphate solution, we require 15 minutes. Simms used a 
spiral platinum wire; we prefer the plate because of the ease of 
cleaning. This may be the cause for our slower equilibration. 

Effect of Octyl Alcohol on pH and Total CO, Determinations— 
Serum froths so much in the narrow chamber of the bubbling elec- 
trode that some antifrothing agent is necessary. The pure octyl 
alcohol (Eastman’s) used for this purpose had no influence on the 
pH determinations of phosphate-, carbonate-, or protein-con- 
taining solutions such as serum. This fact has long been known 
(Schmidt, 1916; Clark, 1928, p. 440) but is reaffirmed in view of 
the observation we report here that octyl alcohol may affect the 
total CO, determination. 

We had satisfied ourselves that the pH of sera equilibrated in 
the bubbling electrode was the same as that determined in the 
Clark electrode on sera equilibrated in tonometers. However, 
when we analyzed these same sera, we were surprised to find that 
the total CO, content of sera from the Simms electrode was con- 
sistently about 0.6 volume per cent of total CO, less than those 
from the tonometers. After considerable speculation and experi- 
menting, it dawned upon-us that this was probably a dilution 
effect of octyl alcohol. The octyl alcohol is so thoroughly emulsi- 
fied with the serum in the bubbling electrode that it remains as a 
uniform suspension for some time. Therefore, the 1 cc. sample 
used for the total CO, determination is a mixture of serum and octyl 
alcohol. Fortunately, we had used constant quantities, 3.6 cc. 
of serum and 0.04 cc. of octyl alcohol, for all determinations. 
With the sera averaging 55 volumes per cent of CO, this error 
of 1.13 per cent would mean 0.6 volume per cent less total CO». 
This point is so important in all such studies that several experi- 
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ments with varying amounts of octyl alcohol were carried out. 
Of course, all the errors in the determination (0.2 to 0.3 volume 
per cent) are thrown into this factor, but the average of many 
determinations coincides with the calculated difference until so 
much alcohol was used, about 0.08 cc. per 3.6 cc. of sample, that 
it was no longer all emulsified. Octyl alcohol, therefore, when 
thoroughly emulsified with serum, can introduce a dilution error up 
to about 2 per cent in analyses depending upon measurement of 
volume. There is, of course, the possibility of an increased solu- 
bility of CO, in the octyl alcohol, but the coincidence of the caleu- 
lated and determined errors indicates that such an error is insig- 
nificant. Under the condition of the pK’ determination reported 
below, with the constant proportion of serum and octyl alcohol, 
the error has been assumed to be constant at 1 per cent and all 
total CO, determinations corrected on that basis. The dilution 
error does not affect the pH measurement since that is a function 
of the ratio of BHCO;-H,CO; in the water phase. 

With proper allowance for the dilution error, therefore, the 
Simms electrode vessel provides an exceptionally convenient 
method for saturating serum with CO, at known CO, tension, 
especially when a CO, mixture of known concentration is available. 

Application of Above Technique to Indirect Determination of pH— 
Many workers have preferred to determine the pH of serum 
indirectly by constructing the CO, absorption curve, determining 
the CO, as drawn, and from these data estimating the CO, tension 
in vivo. The pH is then calculated, with a pK’ value for serum 
at 38° of 6.10, which is about the average of the determinations of 
Warburg, of Cullen, Keeler, and Robinson, and of Hastings, 
Sendroy, and Van Slyke (see Hastings, Sendroy, and Van Slyke 
(1928) for review and recalculation of values). 

Eisenman (1926-27) extended the usefulness of this method by 
establishing the average slope of the CO, absorption curve and 
with it constructing the CO, absorption curve from one saturation 
with CO,. She found that in forty human sera, including both 
normal and pathological, the differences in CO, content of sepa- 
rated serum for a change of 30 mm. of CO, tension (30 to 60 mm.) 
averaged 5.6 volumes per cent of CO2, with variations from 2.9 
to 9.0 but with 90 per cent of the values between 4 and 7 volumes 
percent. For this range the slope dCO./dpCO, of the absorption 
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curve varies between 0.13 and 0.23, with an average of 0.19. 
Eisenman suggests that this value may be constant for the slopes 
of the absorption curves of all mammalian sera. Although we 
feel that with such variations it is advisable to determine two or 
more points in constructing the absorption curve, it is interesting 
that the one human serum shown in Fig. 1 has an absorption curve 
with a slope of 0.21, which is close to Eisenman’s average and the 
slopes of the absorption curve of six sera from four dogs average 






























































Fig. 1. Sera equilibrated in the Simms electrode at several varying CO, 
tensions. The numbers at the separate points are the pK’ values calculated 
for that determination. The points marked (X) are those made with the 
gas mixture from the cylinder containing 5.56 per cent CO; in hydrogen. 


0.167 with a spread of only 0.003. We also have evidence that 
the curve of separated rabbit serum has a similar slope. 

The Simms electrode vessel affords the most convenient method 
we know of for constructing the CO, absorption curve. Further, 
it also is available for estimating more directly the pH of serum 
as drawn from the CO, absorption curve, if this is plotted as total 
CO, against pH. 

Application of Above Technique to Determination of Alkali 
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Reserve—In the work in which the Van Slyke apparatus was first 
used for studying acid-base balance of blood (Van Slyke and 
Cullen, 1917) a method for determining the alkali reserve of serum 
at a fixed standard CO, tension was suggested. 

Although we now prefer for exact studies to determine the CO, 
content of serum as drawn, in the clinic it is still often most 
convenient, and sometimes most instructive to determine the 
alkali reserve. During the work reported here, it has become 
evident that the Simms electrode vessel, used with a cylinder of 
the CO, gas mixture of average alveolar air CO, content, affords a 
most convenient means of determining the alkali reserve at normal 
CO, tension. If the pH reading is taken at the same time, one 
has the pH at normal CO, tension. As a matter of fact, the pH 
can be read much easier than the CO, content can be determined 
and the alkali reserve can be easily calculated. 

Details of Manipulation of Sera in the Simms Electrode—At the 
beginning of an experiment the heater and pump are started and 
the water bath is adjusted by additions of hot water to 38.3°. A 
thermometer calibrated to 0.1° is substituted for the electrode in 
the chamber. In about 10 minutes the system is in temperature 
equilibrium at 38°. The calomel half-cell is then transferred from 
the air bath to the system. The standard m/15 phosphate solu- 
tion of pH:s = 7.363 is placed in the vessel, a freshly prepared 
platinum electrode inserted, and hydrogen bubbled through the 
solution at its constant rate for 15 minutes. A potential reading 
is made and the hydrogen allowed to flow for 10 minutes and 
another reading taken. These potential readings usually agree 
to within 0.1 millivolt of each other. (This procedure serves as 
control of the entire system and allows detection of abnormal or 
sluggish electrodes.) The systems having been found satisfactory 
against pure hydrogen, the gas inlet is switched to the hydrogen- 
CO, mixture which is allowed to flow for about 15 minutes to wash 
all pure hydrogen from the tubes and saline wash bottle. A poten- 
tial reading checks the completeness of this washing. (When 
any given CO,-H, mixture is to be used for a large series of deter- 
minations, the potential for the system is established for that 
mixture and the preliminary controls carried out directly with it.) 

When the preliminary tests of the electrode system are satis- 
factory, the electrode is prepared for the test solution. 

















Robinson, Price, and Cullen 19 


The phosphate solution is wasted, the electrode removed, and 
the chamber and electrode rinsed with distilled water. The cham- 
ber is dried with a clean towel and filter paper and a few drops of 
serum washed down the sides. The glass part of the electrode is 
dried with filter paper or cloth and the platinum plate rinsed with 
a few drops of serum. 

3.6 ec. of serum and 0.04 ec. of octyl alcohol are put in the elec- 
trode vessel, the electrode inserted, and CO.-H, bubbled through 
the serum for 15 minutes, the gas is stopped, and a potential read- 
ing made. The CO--H: is bubbled through for 10 more minutes 
and another reading made. Rarely, another 10 minutes are re- 
quired for constancy of this reading. 

After the serum in the Simms electrode has attained equilibrium, 
as shown by a constant potential, the hydrogen electrode is 
removed and the CO:-H» mixture is allowed to bubble through the 
solution for a few minutes, while the manometric gas apparatus 
is made ready to receive the sample for CO, determination. When 
ready, the flow of gas is stopped and the Van Slyke-Ostwald pipette 
is inserted into the Simms vessel and the sample for the CO, 
determination is withdrawn at once before any change in the 
equilibrium can take place. Therefore, the CO, determination is 
made on the same solution on which the pH is determined. 

Summary of Experiments with the Simms Electrode—The experi- 
ments reported above prove that the Simms electrode is entirely 
trustworthy for determining the pH of serum at any CO, tension. 
It is most convenient for saturating serum with CO,. When octyl 
alcohol is used to prevent foaming, a correction of 1 per cent for 
dilution must be applied to the total CO, determination. The 
technique used in this laboratory is given in detail. 


Results of pK’ Determination on Sera 


Before discussing these results one question must be answered; 
i.e., Whether or not change in CO, tension itself affects pK’. In 
connection with the control experiments mentioned above, we 
determined on seven dog sera and one human serum the pK’ at 
several points of varying CO, tensions. These results are given 
in Fig. 1 and it can be seen at once that the pK’ is not affected by 
changes, within physiological limits, of pH or CO, tension. 

These curves also illustrate the accuracy of the saturation of 
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Experi- | | Experi- 
Dog No. | ment Date | pCO: | [COs] | PHes. pk’ Dog No. | ment Date pCO: 
No. No. 
‘ | mm, | vol. % | mm. 
A 9 | 1 | 5-23-82/ 38.7/ 44.0 | 7.295 |6.001 co] 18 | 3-10-93) 092. 
| 2 | 5-26-32/ 38.3 | 57.6 7.416 | 6.085 | | 19 | 3-23-83) 62.7 | 
| 8 | 628-32! 38.3 | 46.4 | 7.313 | 6.081 | 20 | 3-23-83) 38.5 
| 4 | 7-13-32| 38.7 | 39.0 | 7.227 | 6.081 | 21 | 3-23-83) 29.5 | 
| § | 7-25-32 38.5 | 46.7 7.313 | 6.080 | 22 | 5-10-33) 38.5 
| .6 | 919-32} 38.6 | 51.9 | 7.366 | 6.086 23 | 5-17-33 38.7 
| 7 | 10-632) 38.5 | 49.2 | 7.337 | 6.080 | 24 | 5-26-83 | 38.4 
8 | 12- 5-32/ 38.4 | 53.0 7.378 | 6.087 | 25 | 7-27-83 | 38.5 
9 | 1-30-33} 38.4 | 53.3 | 7.374 | 6.080 | 26 | 7-27-33/ 38.4 
| 10 | 3-2-33| 38.7 | 55.5 7.392 | 6.083 | 27 | 7-27-33| 38.4 
| Il | 5-11-33) 38.4 | 49.5 7.350 | 6.090 28 | 7-29-33) 35.8 
| 12 | 5-22-33 | 38.5 | 54.9 7.395 | 6.088 29 | 10-10-33 | 36.1 
13 | 12- 5-33 | 35.7 | 49.8 | 7.385 | 6.088 30 | 10-10-33 40.9 
14 | 12-22-33 | 35.8 | 51.6 | 7.400 | 6.088 31 | 10-23-33 36.3 
| 15 | 12-22-33) 40.6 | 52.5 | 7.352 | 6.090 32 | 10-23-83 | 41.1 
| 16 | 1-23-34] 36.1 | 47.2 | 7.357 | 6.092 33 | 12- 6-33 35.8 
| 17 | 1-23-34) 41.0 | 48.1 | 7.308 | 6.091 34 | 12-18-33 36.4 
BQ | 1 | 6 1-32} 38.6 | 55.8 | 7.402 | 6.089 35 | 12-18-33 | 41.3 | 
| 2 | 6 632) 38.3 | 44.5 | 7.297 | 6.084 36 1-19-34) 36.2 | 
| 3 | 616-32| 38.3 | 50.8 7.358 /6.08 Do | 1 | 7-15-82] 384 
| 4 | 62432) 38.5 | 48.7 7.336 | 6.084 | 2 | 7-18-32) 38.6 
pang 7-12-32 | 38.7 | 52.1 | 7.368 | 6.088 | 3 | 7-19-32) 38.7 
| 6 | 7-26-32| 38.2 | 56.0 | 7.406 | 6.086 | 4 | 7-26-82) 38.2 
| 7 | 923-32] 38.7 | 49.0 7.360 | 6.108 | 5 | 7-27-82) 38.3 
| 8 | 9-26-32) 38.7 | 41.2 | 7.246 | 6.074 | 6 | 921-32) 38.3 
| 9 9-30-32 | 38.7 52.6 | 7.370 | 6.086 | 7 | 10- 3-32) 38.2 
| 10 | 10-14-32 | 38.8 | 54.3 7.381 eae | 8 | 10-24-32) 38.5 | 
| 11 | 10-28-32 | 38.9 | 52.4 | 7.370 | 6.089 | 9 | 12 2-32) 38.6 
| 12 | 11-21-32) 38.9 | 58.0 | 7.415 | 6.088 | 10 | 1-12-33 39.0 
Co | 1 | 621-82) 38.4 | 51.8 | 7.358 | 6.077 | WL | 2-27-38 | 38.8 
| 2 | 6-27-32 | 38.1 | 48.0 7.331 | 6.080 12 | 3- 7-33) 37.6 
| 38 | 76-82] 38.5 | 51.6 | 7.365 | 6.086 13 | 3- 7-33) 38.9 
| 4 | 7 7-82| 38.1 | 41.4 | 7.262 | 6.081 | 14 | 3-17-33) 64.8 
| 5 | 7-882! 38.4 | 49.1 | 7.340 | 6.082 | 15 | 3-17-88) 50.1 
| 6 | 7-12-32] 38.7 | 53.7 | 7.384 | 6.091 | | 16 | 3-17-33) 38.7 
| 7 | 7-27-82 | 38.3 | 50.8 | 7.363 | 6.090 17 | 3-17-33 32.8 
8 | 920-32 | 38.4 | 47.4 | 7.324 | 6.082 | 18 | 4-24-83 | 67.2 
9 | 9-27-32| 38.5 | 55.2 | 7.404 | 6.094 | 19 | 4-24-88) 51.5 
| 10 | 10-17-32 | 37.9 | 54.4 | 7.397 | 6.087 | 90 | 4-24-33 | 38.2 
11 | 11-10-32 | 38.1 | 49.8 | 7.355 | 6.089 | 21 | 5 883) 8.0 
| 12 | 12-14-32) 38.4 | 54.9 | 7.397 | 6.090 | 22 | 5-18-33 | 8.7 
| 13 | 2-20-33 | 38.3 | 62.7 | 7.468 | 6.099 23 | 5-198 8.6 
| 14 | 3- 3-33} 38.7 | 53.5 | 7.382 | 6.090 | 24 | 5-31-33 8.5 
15 | 3- 983| 38.5 | 56.5 7.407 | 6.087 | 25 | 6-13-33 38.7 
16 | 3-933! 51.3 | 58.8 | 7.295 | 6.088 | 26 | 10- 2-33 | 3.4 
17 | 55.9 | 59.7 | 7.266 | 6.092 | 27 | 12-15-33 | 35.7 


3-10-33 
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-H; Mirtures in the Simms Electrode. 138 Determinations on Sera of Eighteen Dogs 

















| | suit 3 | Experi- | 
ate pCO: | [CO:) | PHey | pK’ | Dog No. | ment Date pCO: [CO] | PHe,. pK’ 
- a | | | | No. | Fepeyatl a ; 
mm. vol. To mm. vol. % 

10-33 | 98.2 | 61.3 | 7.185 | 6.091 | De | 28 | 12-15-33 | 40.5 | 49.1 | 7.326 | 6.094 
23-33 | 62.7 | 55.2 | 7.173 | 6.090 | 29 1- 4-34 35.8 | 40.7 | 7.285 | 6.084 
23-83 38.5 | 51.9 | 7.382 | 6.100 | 30 1- 4-34 40.7 | 41.4 | 7.248 | 6.097 
23-33 20.5 | 49.5 | 7.472 | 6.092 | | 31 1-22-34 | 35.9 | 58.7 | 7.463 | 6.095 
10-33 | 38.5 | 49.1 | 7.339 | 6.083 | 32 1-22-34 40.6 59.6 | 7.410 | 6.090 
17-33 38.7 49.0 | 7.339 | 6.087) E? | 1 | 928-32) 38.6 | 61.8 | 7.446 | 6.087 
24-33 | 38.4 | 50.3 | 7.358 | 6.089) Fo | 1 | 10-31-32) 38.4 | 54.4 | 7.381 | 6.078 
27-33 38.5 46.4 | 7.319 | 6.089 | | 2 | 11-15-32 38.7. 52.2 | 7.371 | 6.087 
27-33 | 38.4 41.6 | 7.269 | 6.089 | 3 3-15-33 | 69.4 54.7 | 7.126 | 6.095 
27-33 | 38.4 39.4 | 7.251 | 6.097 4 3-15-33 | 54.7 | 52.4 | 7.217 | 6.094 
29-33 35.8 | 51.2 | 7.405 | 6.097 5 3-15-33 | 38.8 | 49.9 | 7.355 | 6.095 
10-33 | 36.1 53.3 | 7.420 | 6.097 6 3-15-33 35.0 | 48.9 | 7.392 | 6.095 
10-33 40.9 54.4 | 7.373 | 6.098 7 5-15-33 | 38.5 | 57.5 7.421 | 6.095 
3-33 36.3 | 63.9 | 7.496 | 6.093 | 8 | 6-26-33 | 38.4 | 47.9 | 7.340 | 6.095 
23-33 | 41.1 | 67.1 | 7.465 | 6.097 | 9 7-31-33 | 38.6 | 38.4 | 7.232 | 6.091 
6-33 | 35.8 58.0 | 7.452 | 6.087 | 10 7-31-33 38.6 | 35.1 | 7.197 | 6.098 
8-33 36.4) 51.2 | 7.404 | 6.103 | 11 7-31-33 | 38.5 | 33.4 | 7.177 | 6.102 
8-33 41.3 | 52.5 | 7.361 | 6.107 | 12 | 9-26-33 | 35.9 | 43.4 | 7.326 | 6.095 
9-34 | 36.2 | 52.5 | 7.409 | 6.095 13. | 10- 3-33) 36.2 38.8 | 7.276 | 6.100 
5-82 38.4) 46.7 | 7.321 | 6.088 | | 14 | 10-18-33 | 36.2 | 66.7 | 7.529 | 6.107 
8-32 38.6 | 47.1 | 7.318 | 6.083 | 15 | 10-26-33 | 36.0 | 60.1 | 7.475 | 6.096 
9-32 | 38.7 | 53.2 | 7.376 | 6.085 | 16 | 12-19-33 36.1 | 39.3 | 7.285 | 6.102 
6-32 | 38.2 | 48.1 | 7.326 6.076 | | 17 | 12-19-33 40.9 | 40.0 | 7.232 6.099 
7-32 38.3 | 45.2 | 7.301 | 6.081) G°¢ 1 | 12-16-32 39.2 48.6 | 7.331 | 6.088 
1-32 | 38.3 | 52.3 | 7.378 |6.091| H@ | 1 3- 1-33 38.5 | 49.4 | 7.339 | 6.080 
3-32 38.2 54.8 | 7.392 | 6.084 | 2 | 31433) 64.5 | 56.6 | 7.172 | 6.090 
4-32 38.5 | 50.3 | 7.352 | 6.085 | a 3-14-33 53.5 | 55.3 | 7.243 | 6.085 
2-32 38.6 | 48.8 | 7.323 | 6.072 4 3-14-33 38.0 | 52.0 | 7.376 | 6.088 
2-33 | 39.0 | 56.0 | 7.400 | 6.091 | 5 5-12-33 38.4 | 49.9 | 7.358 | 6.095 
7-33 | 38.8 | 58.6 7.426 | 6.093 | 6 5-23-33 38.4 | 55.2 | 7.392 | 6.082 
7-33 | 37.6 | 60.3 | 7.446 | 6.086 7 | 619-33) 38.6 | 50.2 | 7.350 | 6.086 
7-33 | 38.9 60.7 | 7.439 | 6.091 8 9-28-33 35.9 | 49.3 | 7.465 | 6.094 
7-33 64.8 | 47.8 | 7.089 | 6.089 | Io 1 6- 9-32 38.4 | 50.6 | 7.360 | 6.088 
7-33 50.1 | 45.4 | 7.186 | 6.089 > 2 | 6-23-32 38.4 | 44.7 | 7.292 | 6.079 
7-33 38.7 | 43.5 | 7.285 | 6.088) Ko | 1 5-24-32 | 38.6 | 39.3 | 7.250 6.099 
7-33 32.8 | 42.7 | 7.347 | 6.082 | MOE . 6- 2-32 38.5 | 51.1 | 7.369 | 6.096 
-33 | 67.2 | 59.9 | 7.173 | 6.084; Lo | 1 | 6 832| 38.3 | 47.4 | 7.327 | 6.085 
-33 51.5 | 57.5 | 7.279 | 6.085 | M 9 1 7- 5-32 | 38.3 56.1 | 7.386 | 6.067 
-33 38.2 55.4 | 7.400 | 6.085 2 7- 8-32 38.4 52.2 | 7.369 | 6.083 
-33 8.0) 45.4 | 7.300 16.075) NG | 1 7- 9-32 | 38.6 | 39.2 | 7.230 | 6.080 
33 «8.7 | 51.9 | 7.373 | 6.095) Po@ 1 7-11-32 | 38.7 | 53.4 | 7.382 | 6.089 
+33 38.6 | 52.7 | 7.376 | 6.089) Ro& 1 | 11-23-32 38.6 55.0 | 7.395 | 6.089 
33 8.5 | 55.2 | 7.304 | 6.088) SH | 1 | 11-28-32) 39.3 | 52.3 | 7.368 | 6.004 
+33 38.7 | 50.9 | 7.357 | 6.088; TSA | 1 1- 4-33 | 38.2 | 54.2 | 7.391 | 6.088 
-33 | 4 | 50.0 | 7.396 | 6.106) Ud 1 1-14-33 | 38.7 | 54.6 | 7.391 | 6.090 
33 35.7 | 48.1 | 7.378 | 6.097 | 2 2-10-33 | 39.1 | 56.7 | 7.410 | 6.097 
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serum in the Simms electrode in that they are in entire agreement 
with the many similar curves reported before. 

With the technique detailed above, which we believe is repro- 
ducible to 0.005 pK’, we have determined the pK’ on 138 sera 


TaBLeE II 


pK’ of Dog Sera following Experimental Procedures, Equilibrated at 38° 
with 6.56 Per Cent CO. in H. in the Simms Electrode 











Dos Date | Condition | pCO: | {CO:)} | PH... pK’ 
on | vol 
| | a) 
Vo 6-18-32) Parathormone intoxication | 38.5) 54.4 | 7.379, 6.076 
W @ | 6-18-32, NH,Cl acidosis | 38.4 36.8 7.194) 6.071 
L o@ | 6-20-32) Diphtheria toxication | 38.5 35.8 | 7.186 6.076 
Yo! 7- 1 -32) Overdose irradiated ergosterol 37.8) 58.1 | 7.424 6.084 
J a | 7— 7-32) HgCl, poisoning | 38.2) 33.9 | 7.172, 6.084 
P a | 7- 16-32 ” - | 38.3) 27.3 | 7.057| 6.074 
M 9 | 7-21-32) “ “ | 38.4] 30.7 | 7.118 6.079 
R¢ 12- 6-32) Na barbital anesthesia | 38.3| 59.5 | 7.439 6.094 
B 9*12- 8-32) Alkalosis by gastric juice re- | 39.1) 75.0 | 7.548 6.107 


moval, Na _ barbital anes- | 39.0| 79.6 7.572) 6.104 


thesia; histamine adminis- | 


| trationt 
H o& /|12-16-32) Ether anesthesia | 39.2, 53.3 | 7.374, 6.089 
A 9 | 6 3-32) Prepartum 36 hrs. 38.6) 46.1 | 7.331) 6.106 
| 6-10-32) Postpartum 5 days 38.4, 44.6 | 7.303) 6.091 
F @ |10-31-32) 4 hrs. after acute hemorrhage | 38.2) 56.4 | 7.407) 6.084 
\11— 1-32) 24 “ “ | 38.8 56.9 7.399 6.079 
|6-26-33 4“ “ « . | 38.3) 47.7 | 7.339 6.094 
\ee7-sm“ “« « “ | 38.5, 48.6 7.374) 6.096 
D9 |613-33) 4“ “ “ “ | 38.6, 47.2 | 7.318, 6.082 
|6-14-33,24 “ “ « “ | 38.8) 50.5 | 7.355 6.090 
|6-15-33 48 “ “«  « “ | 38.9, 56.5 | 7.397 6.083 
Hg |¢6193} 4“ “« « “ | 38.6) 51.8 | 7.357) 6.078 
1620-33) “ “ « “ | 38.6 50.1 | 7.352 6.089 





* The first set of readings was obtained at 9.30 a.m.; the other at 2.40 


p.m. 
+t Hypochloremia (aspiration of gastric juice). 


from eighteen normal dogs, on twenty-two determinations from 
fourteen dogs following various experimental conditions, and on 
65 sera from twenty-two human subjects. 

The results are condensed in Tables I to III. They are also 














TaB_e III 
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pK’ of Human Sera Equilibrated at 38° with CO:-H; Miztures in the 


Simms Electrode 




















ee Date Condition pCOs 
mm 

ld 10-28-32} Normal 38.7 

3-20-33 ij 37.6 

3-20-33 . 29.0 

3-20-33 - 50.1 

3-20-33 - 63.6 

3-29-33 - 38.9 

1-24-34 “ 36.0 

1-24-34 - 40.8 

20 11- 4-32 ” 39.0 

3-31-33 4 38.2 

3c 3-28-33 sa 38.8 

4c 3-30-33} “ 38.5 

5A 10-12-32} Von Recklinghausen’s disease | 38.£ 

10-20-32 - - 38.5 

1- 4-33 ” id 38.4 

6 9 1l- 2-32 “ ” 38.9 

11-29-32 ” ” 39.1 

0c 6-12-33 - * 38.7 
7° 10-21-32) Fragilitas ossium 38.7 

8c 11- 8-32] Severe dental caries 38.2 

28 # 11-22-33] Multiple sclerosis 40.6 
11-24-33} After 3 hrs. heat treatment 41.1 

12- 9-33 “ 23 “ “ “ 36.2 

10 9 10-20-32] Cirrhosis of liver 38.6 
10-26-32 * e.. 8 38.2 

24 9 10-19-33 ss vallatios 36.0 
36 9 1-10-34 - Sat 36.2 
25 9 10-24-33 “ —— o 40.6 
29 9 11-24-33] Toxic hepatitis 41.0 
26 9 11- 8-33) Obstructive jaundice 36.1 
11-24-33 ” a 41.0 

72 11-10-33 . ” 36.3 
12- 8-33 i ¥ 35.9 

31 9 12— 8-33 ¥: <5 35.8 
17 ¢ 10—- 7-32| Renal rickets 38.7 
15 0 9-28-32} Nephritis after scarlet fever | 38.6 
340 1-10-34 " “ = - 36.3 
16 ? 4-28-33} Nephritis 38.3 
18 7 6- 7-33 rs 38.3 











{COs} 
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TaBiE III—Concluded 


























Subject | Date Condition pCO: | [C02] | PH.,° | pK’ 
mm "% 
19 #7 6- 8-33 Nephritis 38.3] 73.1] 7.527|6.089 
7-15-33 38 3 61.9} 7.45916.096 
11 9 10- 7-32} Nephrosis 38.8 2.1 7. 253/6.071 
10-18-32) ” 38.2) 43.9] 7.290/6.082 
11-28-32 “ 39.5} 54.2] 7.365)/6.076 
1-23-33 - 38.3) 47.0) 7.319)6.081 
6- 1-33 - 38.7] 57.1] 7.412/6.089 
12¢ 11-18-32 = 38.5] 52.3) 7.373/6.090 
2-13-33 a 38.7] 51.5) 7.3796. 103 
13 9 4-29-33 ” 38.5) 39.0) 7.240/6.090 
4¢ 4-21-33) - 38.5] 64.3] 7.472/6.093 
23 10- 6-33 ” 35.8] 47.6] 7.374/6.099 
11- 8-33 . 36.2) 49.5] 7.395/6. 108 
1-15-34 = 36.2) 54.2) 7.434/6. 106 
30 9 11-28-33 = 40.9) 54.5) 7.389/6.113 
35 ot 1- 8-34) Anemia 36.1) 55.8] 7.426/6.082 
9¢ 1-25-33] Scarlet fever 37.9] 64.4] 7.475/6.088 
37 9 1-18-34] Septicemia 36.0} 65.9] 7.515/6.096 
32 # 1-— 6-34] ? diagnosis 36.1) 57.3] 7.444/6.088 
21-M 9 | 7- 5-33) At childbirth 38.7) 47.9] 7.342)/6.101 
21-I Blood, infant cord 38.7] 56.0} 7.404/6.091 
21-M 9 | 7- 6-33) 24 hrs. after delivery 38.6} 55.1) 7.407/6. 100 
21-M ¢ | 7-13-33} Sdays “ 38.4) 55.4) 7.408/6.097 
22-M 9 | 7-11-33} At childbirth 38.3} 48.0} 7.339)6.092 
22-I Blood, infant cord 38.3} 53.5] 7.381/6.084 
22-M 9° | 7-13-33] 48 hrs. after delivery 38.3} 59.3] 7.439/6.095 





analyzed statistically and a histogram has been constructed for 
comparison of our series with previous work (Fig. 2). 

In the series of 138 determinations on apparently normal dog 
sera, we obtained a mean value for pK’ of 6.089 with a probable 
error of +0.0004. The standard deviation for this series is 
+0.0071. A pK’ variation of 0.01 would include 89 per cent of 
the determinations. 

Study of various abnormal conditions has not revealed to us 
any consistent variation about the mean of our values. Some of 
the dogs have been studied steadily over a year, including the 
hottest summer weather, without any regular fluctuation. The 
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Fie. 2. Histogram for present and previously reported pK’ values for 
sera. The mathematical values are as follows: 




















wean px’| Moar® | gunderd | ‘srr ot 
ofmean | Seviation | sanderd 
138 dogs (normal).............. 6.089 | +0.0004 | +0.0071 | +0.0003 
22 “ (experimental)....... 6.087 | +0.0014 | +0.010 | +0.0010 
nS ea ee 6.092 +0.0009 | +0.0103 | +0.0006 
i (Hastings, Sendroy, 
and Van Slyke)........ 6.106 | +0.0015 | +0.0090 | +0.0011 
14 humans (Cullen, Keeler, and 
Robinson).......... Ce acnee 6.063 | +0.0030 | +0.0170 | +0.0022 
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sera following experimental procedure on dogs was, with the excep- 
tion of the hemorrhage studies, taken from dogs used by Dr. Guest 
and his colleagues for studies of the various procedures on the 
phosphate distribution in blood, the details of which will be 
reported elsewhere. In this series we have twenty-two determina- 
tions with a mean of 6.087 and a probable error of +0.001. The 
distribution is the same as with the normals. 

The number of normal human sera is not sufficient for a separate 
histogram, but since the range of the pK’ values of all our human 
material falls within that of the normal dogs, it seems justifiable 
to place all the human sera in one diagram. In the series of 65 
determinations we obtained a mean value of 6.092 with a probable 
error of +0.00086. 

The pathological human sera likewise show no variation peculiar 
to individual pathology. In the nephrosis group, all had low 
total serum protein with reversed albumin-globulin ratio, but 
the pK’ values show no tendency toward the slight elevation sug- 
gested in the small nephritic group reported by Hastings, Send- 
roy, and Van Slyke. It is impossible to draw any conclusions as 
to variations of pK’ with a particular pathological condition. In 
the small series of cases in which the liver is involved, there is a 
suggestion that the pK’ value tended to be slightly increased; 
the average for eleven determinations on ten cases is 6.103. 

It is evident that the pK’ of dog and human sera is practically 
identical. It is also evident from Fig. 2 that the values of the 
present series lie between those previously reported by Van Slyke, 
Hastings, and Sendroy, and by Cullen, Keeler, and Robinson. 

Conclusions—The results of this study indicate that the system 
BHCO;/H:CO; in dog and human sera is practically identical; 
that the value for pK’ is surprisingly constant, with a standard 
deviation of less than 0.01 pK’; that it is not appreciably affected 
by pathological conditions; and that the pH may be calculated 
from a pK’ value of 6.09 with an expected accuracy, as far as the 
pK’ is concerned, of 0.01 pH. 


SUMMARY 


Technique, involving the use of the Simms bubbling electrode, 
is described for increased accuracy in the determination of pK’, 
for saturation of sera with known CO, tensions, and for determina- 
tion of the alkali reserve. 
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The pK’ values have been determined on 138 sera from eighteen 
normal dogs, on twenty-two dog sera from fourteen dogs following 
various experimental procedures, and on 65 human sera from 
twenty-two subjects. 

The pK’ values of human and dog sera are identical, averaging 
6.09 with a standard deviation of +0.008. 

Various abnormal conditions do not appreciably influence pK’. 
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FURTHER INVESTIGATIONS CONCERNING THE NEW 
VITAMIN B GROWTH-PROMOTING FACTOR FOR 
RATS, FOUND IN WHOLE WHEAT* 


By NELLIE HALLIDAY 
Wirt THE ASSISTANCE OF LINNEA DENNETT 


(From the Section of Home Economics, Michigan Agricultural Experiment 
Station, East Lansing) 


(Received for publication, March 28, 1934) 


Since vitamin B, was first reported by Reader (1), a number of 
new factors for rat growth have been reported in this country and 
in England, and data were presented in some cases as to their 
physical, chemical, and biological characteristics. In the interest 
of brevity a review of the literature and discussion of the possible 
relationship of these factors to each other are omitted in this paper. 

We have reported (2) the presence (and biological activity) of a 
factor found in whole wheat, which supplements vitamins B' and 
G in the diet of the rat. In the absence of this factor, growth 
ceases after about 6 or 8 weeks. If no additional supplement is 
given, the animals develop a nerve condition? very different from 


* Published from Michigan Agricultural Experiment Station as Paper 
179, new series. 

Presented in part before the First annual meeting of the American In- 
stitute of Nutrition at New York, March, 1934. 

1 In this paper the terms vitamin B and vitamin G are used to designate 
the two factors commonly known as vitamin B, and vitamin B:, or as the 
antineuritic and growth-promoting factors, or as the heat-labile and heat- 
stable members of the vitamin B complex, respectively. 

2 We are indebted to Mr. B. B. Roseboom and Mr. R. V. Brown of the 
Physiology Department of Michigan State College for the following de- 
scription of the deficiency. ‘Symptoms: Animals emaciated, general 
condition poor. Habitus, left half of body slightly lower than right. 
Muscle tone generally diminished, more marked on the left side. Left 
fore limb moderately adducted. Gait slightly ataxic; coordination slightly 
faulty; animal could stand on hind limbs and maintain its position with 
ease; tendency to move in circles toward the affected side. Possible 
ophthalmic involvement, but so slight as to make accurate judgment 
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.polyneuritis; the tendency of the animal is to roll around, in walk- 
ing to lean to one side, and to sit hunched up leaning against the 
side of the cage. Swollen paws are sometimes encountered. 
Death occurs after about 3 months, following a very rapid loss of 
weight. Since these symptoms so closely resembled those reported 
by Reader, we believed that we were probably dealing with 
vitamin By. 

It was further shown that the feeding of a small portion of whole 
wheat containing an almost negligible amount of vitamin B, in 
tests for the vitamin B content of our materials, would prevent 
the symptoms and induce a nearly constant growth rate through- 
out the experimental period. Such a method of testing, however, 
has the disadvantages of being laborious and of lessening the 
accuracy of the method, since a small amount of vitamin B is 
furnished. It was deemed advisable, therefore, to prepare, if 
possible, a concentrate of this factor which would contain little 
or no vitamin B. The use of such a concentrate would improve 
the tests for vitamin B, and the concentrate itself could be used for 
further studies of the new factor. 


EXPERIMENTAL 


In carrying out the experimental work several difficulties pre- 
sented themselves. Whole wheat contained so large an amount 
of starch that extractions with dilute acid or alcohol were difficult. 
Secondly, it was necessary to standardize a method for determining 
this new factor. Thirdly, we had considerable difficulty with 
coprophagy, even though a ? inch or 4 inch wire mesh was used 
in the floor of the cage and all cages were raised at least 2 inches 
above the pan. 





impossible; no evidence of nystagmus. These symptoms seem to indicate 
a possible involvement of the vestibular nuclei or of the vestibular branch 
of the VIII nerve.” 

In addition two of our deficient animals were sent to Dr. Charles F. 
Church of the University of Pennsylvania for examination. Dr. Church 
writes: ‘‘These rats show in a very marked degree the symptoms which I 
have found characteristic of deficiency in the heat-labile factors of yeast... 
It is evident from the similarity of symptoms that we are working with the 
deficiency of similar, if not identical, factors. The increased duration of 
the vestibular test, which I found to be characteristic of animals deficient 
in the heat-labile fraction of yeast, is also present in your two animals.”’ 
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The problem of coprophagy appears to be solved at present by 
the use of the anticoprophagy harness described in detail by Page 
(3). Contrary to the finding of Booher and Kaneko (4) we find 
that the accuracy of the tests for both vitamins B and G is im- 
proved to almost the same extent by this method. The growth 
rate is lessened, with the same supplement, in a harnessed animal, 
and it seems probable that the unharnessed rat supplemented its 
diet with feces. It was necessary, after starting this technique, 
to restandardize certain materials, but all of the results given are 
for harnessed animals. 

Reader (5) described a method of testing for her factor by the 
use of adult animals. This method has the advantage that an 
animal may be used for successive tests, and thus act as a check 
on itself. We used this method in our first reported work and to 
some extent have continued to do so. However, in order to 
obtain quantitative results so as to compare the potencies of 
various materials, we find that a slightly different technique is 
advantageous. 

Protein-free milk has been shown to be a good source of vitamin 
B and to contain relatively little of the new factor (2). Animals 
receiving this material grow for about 6 weeks, after which the 
growth curve flattens and nerve symptoms begin to be mani- 
fested. At that point, if a supplement is given which contains the 
new factor, growth is resumed, and it is roughly proportional to 
the amount of the supplementary portion. A litter mate which 
receives the protein-free milk only will remain almost constant in 
weight. Thirteen such animals gained on an average 1 gm. during 
the 4 week period after the initial growth had ceased. If the 
weekly growth rate of these animals is used as the base-line, and 
the growth of litter mates receiving an additional supplement is 
plotted as gain above such control, a fair test of the potency of the 
supplement—as regards the new factor—appears to be possible. 
We have, therefore, used this method, but with frequent recourse 
to the “adult” method in order that we might have checks on the 
same animals. The results shown in Fig. 2 are derived in this 
manner. 

The basal diet used is that of Chase and Sherman (6) for the 
determination of vitamin B. This diet carries 15 per cent of auto- 
claved yeast as a source of vitamin G. In many laboratories the 
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custom of feeding all vitamin supplements separately from the 
‘basal diet has been followed. Chick* has stated that some of the 
symptoms ascribed to vitamin B, deficiency, and to the deficiency 
we reported, might be due to a submaximal allowance of vitamin 
G. We have, however, tested each lot of autoclaved yeast, and 
have kept careful records of the intake of basal diet of all experi- 
mental animals. We feel confident, therefore, that, even when 
moribund, our animals were receiving an adequate allowance of 
vitamin G from the diet. It must be borne in mind also that they 
were all receiving protein-free milk, which we have shown (7) to 
be a good source of vitamin G. 

Harris‘ and coworkers criticized our technique as supplying too 
low an allowance of vitamin B. They believe that the nerve 
condition is the result of a chronic vitamin B deficiency. Though 
it is true that our protein-free milk carries some of the new factor 
and, therefore, cannot be fed ad libitum, we believe that certain 
of the results obtained, which will be described later, will answer 
this question. 

Since whole wheat was found to be a rather unsatisfactory 
material with which to proceed, we had the wheat milled and 
tested the various fractions; bran, middlings (Fraction 1, the 
outer portion; Fraction 2, carrying the larger part of the germ), 
and also a sample of commercial wheat germ. The wheat germ 
proved the richest source of both factors. Bran was lower than 
the germ in vitamin B potency, but, since it contained nearly as 
much of the new factor and was almost devoid of fat, we used it 
for further work. It appears to be more constant than yeast in 
vitamin B potency. Three different lots of yeast when fed at a 
level of 1.8 gm. weekly for vitamin B gave widely different re- 
sults (Fig. 1). 

During the course of these experiments the English workers (8) 
reported the preparation of a crystalline concentrate of vitamin 
B, from yeast. Since we had stated that we thought we were 
dealing with this vitamin, we attempted to prepare such a con- 
centrate from wheat as the best method of settling this point. 

It was necessary to prepare an extract with which to work, and 
for this we tried ether, dilute alcohol, and dilute acid. 


3 Chick, H., personal communication. 
‘ Harris, L. J., personal communication. 
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Continuous extraction with ether for 6 hours was carried out 
‘in the hope that an extract might be prepared low in vitamin B 
and rich in the new factor. Under our conditions, however, ether 
removed very little of either factor, although Reader had reported 
that vitamin B, could be extracted by this means. 

Extraction with 50 per cent alcohol removed more of the new 
factor (as determined by tests of the extracted bran), but the 
resulting extract contained a very gummy material, after removal 
of the aleohol. This proved difficult to handle quantitatively. 

We finally used an aqueous extract. This was prepared by 
shaking bran for 2 hours with acidified water at about pH 4 
(determined colorimetrically) in the proportion of 1 kilo of bran to 
8 liters of water. It was prepared fresh at frequent intervals and 
kept in the cold for feeding. This extraction does not effect a 
separation of the two factors, but it provides a material which is 
easily prepared, readily eaten by the animals, and which carries 
about half of the original activity of the bran, as regards the new 
factor. It was from this extract that our concentrate was pre- 
pared. 

A detailed description of the method of preparing the crystals 
is given by the English workers. We followed their method very 
carefully, with three rather important exceptions. Our bran 
extract was prepared as described above, whereas they used a hot 
aqueous extraction. We used lots of 1 kilo of bran, whereas 
they used 50 or 100 kilo lots of yeast; therefore, we used propor- 
tionately smaller amounts of reagents. In their work they found 
that vitamin B, was adsorbed on norit at pH 1 and vitamin B 
remained unadsorbed. In our work with bran (and to a lesser 
extent with yeast) we found that the greater part of the vitamin 
B had been adsorbed, and the filtrate after adsorption still con- 
tained about half of our new factor. Moreover, by elution with 
50 per cent acid-alcohol we were only able to recover about 10 per 
cent of the original potency. It was necessary, therefore, to 
proceed with the subsequent steps of the crystallization process 
with this filtrate in the place of the alcoholic extract of the charcoal. 

We feel that if other workers are interested in repeating our 
work it should be possible for them to do so, provided they observe 
the precautions mentioned by the English workers and substitute 
our methods at these three points. It appears to be necessary to 
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test aliquots for both vitamins as often as is biologically possible, 
so as to follow the path of the activity. 

The technique used with animals is changed only slightly from 
that described in former papers. Standard rats at 26 to 28 days 
of age are subjected to a preliminary depletion period of about 2 
weeks, during which time they receive the basal diet only. They are 
then put into harness, and given a supplement, care being taken 
to balance the various groups as to sex and weight. All portions 
are given on a 6 day week basis, and all extracts or residues are 
calculated to equivalents in unextracted material. Animals used 
in tests for the new factor are harnessed and fed protein-free milk 
until the litter as a whole is constant in weight. The second 
supplement is then added. Here the groups are balanced as 
carefully as possible as to sex, weight, and gain during the protein- 
free milk feeding period. One animal from each litter receives 
the protein-free milk supplement only, to act as a control. 


Results 


In Figs. 1 and 2 are shown average growth curves of the rats 
used in tests for the potencies of the materials. As is seen in Fig. 
2, the method used for testing for our new factor is apparently 
fairly accurate, and reproducible results are obtainable. The 
ether extract shows no activity, and the extracted bran fed at two 
levels induced the same rate of gain as the unextracted material. 
The potency is equally divided between the acid extract and the 
extracted bran, and, within the limits of biological work, the po- 
tency appears to be quantitatively accounted for. 

The materials designated as Extract Y-4 and Extract B-4 are 
the filtrates remaining after the adsorption on norit. It seems 
apparent that most of the vitamin B is adsorbed, and fully half 
of the new factor is left in the filtrate. 

The subsequent steps of the crystallization process resulted in 
materials which it was difficult or impractical to test biologically. 
We attempted to feed the filtrate remaining after precipitation of 
the phosphotungstate, but in no case would the animals consume 
a sufficient amount to give accurate results. 

Reader and coworkers had tested the final acetone solution as 
a check on their material before crystallization, and we attempted 
todo so. However, owing to the smaller scale of preparation and 
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apparently to greater losses, it was necessary to feed larger amounts 
than could be tolerated by the animals. 

The final product was obtained in yields of about 1 to 1.5 mg. 
from 1 kilo of bran. This was tested in daily portions of about 
60 micrograms, representing approximately 8 gm. of bran. As is 
seen in Fig. 2, the growth curve resembles that obtained from 0.2 
gm. of untreated bran. In view of the very small yields, we did 
not feed larger amounts, nor did we test the crystals for their 
vitamin B content. 





Fig. 3. Photomicrograph of the crystalline product (about 10 x) 


In biological testing two entire lots were used without drying or 
recrystallization. The material was dissolved in water and made 
up to a suitable volume for feeding. The crystals themselves 
were fed when sufficient material was available. 

The author has conferred with Professor Peters and his staff, 
and the crystals were compared. Microscopically they appeared 
to be very similar (Fig. 3). The vitamin B,-deficient rats closely 
resembled our deficient animals. Professor Peters kindly offered 
to test a sample of our crystals for the activity of vitamins B 
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and B,. This particular sample, however, had not been recrys- 
tallized. It was found to contain a variable amount of inorganic 
material, and it was not active in either factor in the amounts 
tested (40 micrograms for vitamin B, and 200 micrograms for 
vitamin B). It is unfortunate that a purified sample was not 
available and that there was not sufficient material for more 
complete tests. 


TABLE I 


Comparison of New Factor in Whole Wheat with Vitamin B, 





Whole wheat factor | Vitamin By 








Extracted with water Yes Yes 
" “« dilute acid as is 
- “ 50% alcohol _ i. 
as “ether No | “ (eannot be 
| recovered from 
| the ether ex- 
tract) 
Adsorption on norit at pH 1 from | About 50% un- | Yes 
aqueous extract | adsorbed; _bal-| 
ance not well | 
recovered from 
norit 
Precipitation of phosphotungstate | Yes ’ 
between pH 3 and pH 1 
Solubility of phosphotungstate in: 
Hot 50% alcohol - ” 
Cold 50% “ No No 
50% acetone Yes Yes 
Positive reaction for pentose after “ ’ 
acid hydrolysis 
Crystalline product ‘a Be 
M.p. of hydrochloride, °C. Decomposes at | Sublimes at 220; 
242 | decomposes at 
248 
“ “ pierate derivative, °C. 273 278 


For vitamin By, the ‘“‘adult’’ method was used. Cure of nerve symptoms 
and resumption of growth were taken as the criterion. 

For testing the whole wheat factor, the vitamin B-deficient diet plus 
protein-free milk was fed until growth ceased. Growth induced in the test 
animals receiving supplementary feeding, above that of litter mate controls 
receiving protein-free milk only, was taken as the criterion. 
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DISCUSSION 


As a result of the experiments described we cannot say that we 
are dealing with vitamin B,. It seems evident that our factor is 
necessary for growth and well being of the rat; that the condition 
resulting from a deficiency of this factor in the diet of the rat 
closely resembles vitamin B, deficiency; that in certain physical 
and chemical characteristics our material is closely similar to 
vitamin B,, but that there are numerous exceptions; and, finally, 
it seems hardly possible that the condition induced can be attrib- 
uted to a deficiency of either vitamin BorG. Table I summarizes 
the data which we have. 

It seems possible that the differences found between vitamin By, 
as isolated and described, and our product may be due to the fact 
that one or the other of the two products may be associated with 
impurities or contaminating substances. 

Keenan and coworkers (9) reported that vacuum-dried hog 
liver is a good source of vitamin B,. Preliminary tests of 
vacuum-dried hog liver in our laboratory show it to contain our 
factor, but it also contains a relatively high amount of vitamin B. 
Results from tests of various food materials will be presented in 
a later paper. 


SUMMARY 


1. Further studies have been made of the new vitamin factor 
found in whole wheat, and previously reported from this labora- 
tory. Fractionation of the wheat showed the germ to be the 
richest source, but the bran proved a satisfactory material from 
which to prepare an extract. 

2. The factor may be extracted from bran by dilute acid or 
dilute alcohol, but not by ether. 

3. Following in the main the method described by Peters and 
coworkers, it has been possible to prepare a crystalline concen- 
trate of the vitamin factor. Although in many respects there is 
close similarity between this factor and vitamin B,, the differences 
are too great at present to warrant definite conclusions. 


The author wishes to thank Elaine Come and Goldie Lieber- 
man for assistance in the technical work. 
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A STUDY OF TISSUE RESPIRATION AND CERTAIN RE- 
DUCING SUBSTANCES IN CHRONIC FLUOROSIS AND 
SCURVY IN THE GUINEA PIG 


By PAUL H. PHILLIPS, F. J. STARE, ann C. A. ELVEHJEM 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, May 7, 1934) 


Attention has been called to the marked similarity of the symp- 
toms of fluorosis and scurvy in the guinea pig (17). A suggestion 
was made that chronic fluorine poisoning interfered in some manner 
with ascorbic acid or its function in the animal body. Studies on 
the distribution of a reducing substance (vitamin C) in the tissues 
of fluorine-fed cows as well as respiration of the suprarenal cortex 
indicated that ascorbic acid or vitamin C and respiration were 
disturbed in chronic fluorine poisoning (19). It is known that 
cattle synthesize vitamin C. The vitamin C content in the supra- 
renal gland and anterior lobe of the hypophysis increases in the 
fluorine-poisoned rat (18), another species known to synthesize 
vitamin C. These observations suggested that the mechanism of 
fluorine toxicosis and the mode of action of vitamin C could be 
profitably studied further in a species susceptible to scurvy. 

Szent-Gyérgyi (24) in 1928 showed that hexuronic acid, now 
called ascorbic acid (vitamin C), played a réle in certain biological 
oxidation-reduction mechanisms and suggested that vitamin C 
might have a similar function in the animal body (25). Because 
ascorbic acid reduced hemin to a green chromagen in air, von 
Euler and Malm (4) concluded that it functioned as a catalyst in 
oxidation-reduction enzyme systems. The evidence of Purr (20) 
and of Karrer and Zehender (11) suggests that ascorbic acid is 
capable of activating intracellular proteinases and in this respect 
it resembles glutathione and cysteine. Purr suggested that pro- 
tein decomposition was dependent upon the presence of vitamin C, 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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and that the interaction of glutathione and ascorbic acid regulates 
the intracellular protein metabolism. 

The distribution of ascorbic acid has been studied by various 
laboratories. Birch, Harris, and Ray (3), Bessey and King (1), 
Svirbely (23), and others have shown by the use of chemical 
methods that ascorbic acid is widely distributed throughout the 
body, and that it is highest in the more actively metabolizing 
tissues. The suprarenal cortex has long been known to be rela- 
tively rich in ascorbic acid. More recently Harris and Ray (6), 
and Huszak (10) have shown that the medulla of the suprarenal 
gland is likewise rich in ascorbic acid. 

The distribution of glutathione in scorbutic animals has not 
attracted much attention. Sato and Ohata (21) concluded from 
a few scorbutic guinea pigs that glutathione was increased in the 
adrenal gland (about 43 per cent) over a like number of controls. 
Since the number of animals was few and the controls lost con- 
siderable weight during the experiment, an accurate interpretation 
of the data is difficult. Wolff and Manjean (27) reported gluta- 
thione values for a few organs from normal guinea pigs. 

The importance of glutathione in cellular respiration has been 
shown by Hopkins and Elliott (9). Birch and Dann (2) studied 
the distribution of ascorbic acid and glutathione in animal tissues 
and suggested that ascorbic acid and glutathione might be two 
linked factors in one system of oxidation in the animal cell. 

There is a paucity of data on the effect of scurvy upon tissue 
respiration. Sdéderstrém and Térnblom (22) measured the oxygen 
consumption of normal and scorbutic guinea pigs under basal 
conditions and found a reduction of O2 consumption per minute 
per unit of body surface but concluded that their animals were 
too few in number to warrant the conclusion that the reduced O; 
consumption was due to vitamin C deficiency. Contrary to these 
results Mosonyi and Rigé (16) found the gaseous metabolism of 
scorbutic guinea pigs increased above normal. The administra- 
tion of ascorbic acid reduced the gaseous metabolism in scorbutic 
guinea pigs and increased it in normal animals. Harrison (7) 
found that the rate of oxygen uptake, measured in an atmosphere 
of oxygen, of slices of liver from scorbutic guinea pigs was less 
than that of liver slices from normal animals, and that the in vitro 
addition of ascorbic acid increased the rate of oxygen uptake of 
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the scorbutic liver but did not increase the uptake of the normal 
liver. On the other hand it is known that NaF inhibits cellular 
and tissue glycolysis. 

The hypertrophy of the suprarenal gland during fluorine toxico- 
sis and scurvy (17, 18) indicates that the vital processes of the 
gland itself may be affected. Hartman (8) and Lockwood and 
Hartman (15) have called attention to the supplementary effect 
of cortin to diets low in vitamins C and B,. Thus a summary of 
the literature indicates that ascorbic acid (vitamin C) as well as 
glutathione may be concerned with tissue respiration and because 
of their oxidation-reduction properties function as proteolytic 
enzyme activators, that both substances have a systemic distribu- 
tion which is most pronounced in the vitally active organs, and 
that little or no data are available on the influence of fluorosis 
upon these substances and their respective physiological functions. 

The aim of this study was to determine the effect of fluorosis 
and of scurvy upon the distribution of the 2,6-dichlorophenol- 
indophenol and the iodine-titratable substances (ascorbic acid) 
(glutathione), and upon the tissue respiration of several tissues 
from guinea pigs. 

EX PERIMENTAL 


Guinea pigs varying in weight from 140 to 350 gm. were divided 
into seven lots. The first three lots had ten animals each, while 
Lots IV to VI inclusive contained five animals each and Lot VII 
contained six animals. The basal ration used was the diet for- 
merly used in this laboratory and consisted of rolled oats 69 parts, 
autoclaved alfalfa hay 25 parts, casein 5 parts, and 1 part NaCl. 

The animals were fed the basal diet and 1 cc. of orange juice 
for 4 days preliminary to starting the experiment proper, in order 
to accustom them to handling and to their quarters. They were 
then placed upon the following regimen. 


Lot I. Basal ration only (negative controls) 

- ele “ +3 ce. orange juice daily 

“ III. Diet of Lot II + F (25 mg. per kilo of body weight) 

“ IV. Basal ration + 6 cc. orange juice daily 

" V. Diet of Lot IV + F (25 mg. per kilo of body weight) 

“ VI. Basal ration + 12 ce. orange juice + 25 mg. F per kilo of body 

weight 

“ VII. Basal ration + pure ascorbic acid (1 to 2 mg. daily for 25 to 
28 days) 
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. The fluorine was fed as a NaF solution by pipette daily to assure 
a constant fluorine intake. The orange juice was fed by pipette. 
The latter was fed between 8 and 9 o’clock in the morning followed 
by the NaF 4 to 6 hours later. The ascorbic acid was weighed out 
in daily doses, dissolved in water, and fed by pipette. 

The animals were removed from the experiment when positive 
symptoms of scurvy, or fluorosis, had developed. As near as 
possible, positive control animals were removed the same day in 
order to provide normal tissues. The animals were killed by a 
blow on the head and thoroughly bled by severing the arteries 
and veins of the neck. The following organs were quickly removed 
and weighed in toto or portions thereof depending upon the size 
of the organ: the anterior lobe of the hypophysis cerebri, supra- 
renal glands, the liver, pancreas, kidney, and heart. One supra- 
renal gland, a portion of the liver, one kidney, and the pancreas 
were ground with acid-extracted sand and extracted repeatedly 
with 8 per cent trichloroacetic acid until 25 cc. of extract were 
obtained. Aliquot portions were then titrated with 2,6-dichloro- 
phenolindophenol and 0.01 N iodine solution. The 2,6-dichloro- 
phenolindophenol titration for ascorbic acid was made after the 
method of Bessey and King (1). The ascorbic acid titration was 
computed as vitamin C and converted to ce. of 0.01 N iodine 
equivalent. ‘This was deducted from the iodine titration and the 
remainder of the iodine was calculated as glutathione. 

The other suprarenal gland and sufficient liver were used for 
oxygen uptake studies in the Barcroft apparatus. The oxygen 
uptake was studied at 37° in plain phosphate-Ringer’s solution 
buffer, pH 7.3, and also in buffer containing as substrates glucose, 
lactate, and succinate to a concentration of 0.2 per cent. The 
effect of added cyanide on these measurements was observed. 
The oxidase activity was qualitatively measured with Nadi’s 
reagent following the method used by Keilin (12). Cytochrome 
was observed with a microspectroscope. The dehydrase activity 
of the liver was determined by Thunberg’s technique (26). 


Results 


Fluorosis in guinea pigs produced a syndrome similar in many 
respects to the scorbutic syndrome. When 25 to 30 mg. of F 
were administered daily per kilo of body weight to guinea pigs on 








—_ et — ie i ie = 





ue 
Li 


we 


oft 
ex: 
he 
cul 
tro 


seu 
an 
tin 





XUM 


Phillips, Stare, and Elvehjem 45 


a diet adequate in vitamin C, a characteristic growth curve was 
obtained (Chart I); growth continued for some weeks and then 
declined rather sharply in most cases to death or to a very low 
plane of existence. The onset of symptoms was accompanied 
by lethargy, and “ruffing”’ of the fur, which produced a character- 
istic effect about the jaws and neck. As the poisoning became 
more pronounced lameness developed together with swollen joints, 
which was most pronounced in the knee joint. In severe cases 
the typical “face ache”’ posture was assumed when the animals 


20 
da 





Cuart I. Growth curves of guinea pigs fed various rations, the constit- 
uents of which are listed in the text for each lot. For Lot VII, the desig- 
nations, K, B, and L represent curves obtained by Karrer, Bauman, and 
Link preparations, respectively. 


were not disturbed. These symptoms were accompanied by 
anorexia and extreme emaciation. In this condition diarrhea was 
often present, a condition also noticeable in scurvy. Postmortem 
examination not infrequently showed intestinal] irritation and 
hemorrhages, when acute symptoms and rapid loss of weight oc- 
curred. In all cases the syndrome was accompanied by a hyper- 
trophy of the suprarenal glands, a fact also observed in the rat. 
One important difference between the syndrome of fluorosis and 
scurvy was the infrequent occurrence or absence of subcutaneous 
and intermuscular hemorrhages, which is usually taken as a dis- 
tinctive characteristic of scurvy. 
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The influence of scurvy and fluorosis upon the distribution of 
“ascorbic acid and glutathione is shown in Table I. An inspec- 
tion of the data in Table I shows that scurvy produces a decline 
in the amount of ascorbic acid present per unit of weight in all 
the tissues studied. A decrease of approximately 50 per cent 
occurred in the liver, kidney, and pancreas. Practically complete 
disappearance occurred in the anterior lobe of the hypophysis. 
Because of the smallness of the gland, the material available for 


TaBLe [I 


Influence of Fluorosis and Scurvy upon Reducing Substances in Tissues of 
Guinea Pigs 





Lot III. Lot VI. 
Lot I. Lot II. onal Lot IV. , Basal 
Basal | Basal + | Pose + | Basal+ | [etry | Mipect 
ration 3 ce. « oe 6 cc. diet + e os. 
(scorbu- | orange pene 4 _ orange NaF juice} 
tic) juice daily NaF daily|J¥ice daily NaF 





Average vitamin C values expressed in mg. per gm. fresh tissue 























a 640 okeeeae es 0.039 | 0.074 | 0.074 | 0.155 | 0.161 | 0.232 
ee 0.024 | 0.051 | 0.041 0.079 | 0.064 | 0.115 
Pancreas.............| 0.033 | 0.066 | 0.089 | 0.139 | 0.134 | 0.259 
Hypophysis (anterior 

lobe)...............| Trace | 0.544 | 0.491 | 0.747 | 0.300 | 0.518 





Mg. glutathione calculated from iodine titration and expressed in mg. per 
gm. fresh tissue 





a ae ae 6.73 5.73 6.76 5.01 5.50 6.72 
Ridin tock eiene 3.68 3.79 3.67 3.72 3.69 3.52 
POMGPORS. «0.2. 0006005 3.03 2.83 3.08 2.84 2.76 7.89 





analysis in this tissue makes the error admittedly large. How- 
ever, a consistent reduction in the ascorbic acid content of the 
gland was obtained in the animals fed fluorine. In view of the 
vital hormonal relationships associated with this gland the impor- 
tance of this result should not be overlooked. Fluorine did not 
apparently influence the ascorbic acid content of the other tissues. 
The ingestion of increased quantities of ascorbic acid, or vitamin 
C, causes a corresponding rise in the ascorbic acid content in the 
tissues studied, regardless of fluorine ingestion. 

Scurvy and fluorine toxicosis were found to be alike in that they 
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caused an increase in the amount of reducing substance, or sub- 
stances reacting with iodine (presumably glutathione) in the liver. 
The extent of the increase was approximately 18 per cent at 
ordinary levels of vitamin C feeding, and about 10 per cent when 
the vitamin C feeding was doubled. No appreciable change was 
apparent in the iodine-titratable substances in the kidney or pan- 
creas, although the latter seemed to be slightly increased in the 
fluorine-fed animals. 























Taste II 
Ascorbic Acid (Vitamin C) Found in Suprarenal Gland. Data Averaged by 
Lots 
Weight of suprarenal ¥ Total ascorbic acid 
glan Ascorbic present in suprarenal 
acid per 
am. fresh 
Single Both tissue Single Both 
gland glands gland glands 
my. mg. mg. mg. mg. 
Lot I. Basal ration 
(scorbutic)............ 102.7 169.8 0.150 0.015 0.025 
Lot II. Basal + 3 ce. 
orange juice........... 92.1 157.7 0.474 0.044 0.075 
Lot III. Lot II diet + 
NaF.. ' 96.0 202.9 0.277 0.027 0.056 
Lot IV. ‘Basal + 6. ce. 
orange juice. . ..| 87.5 180.0 0.476 0.042 0.086 
Lot V. Basal + 6. ee. 
orange juice + NaF...| 113.0 240.0 0.528 0.060 0.127 
Lot VI. Basal + 12 cc. 
orange juice + NaF...| 110.6 1.012 0.112 
Lot VII. Basal + crys- 
talline ascorbic acid... 67.4 138.6 0.25 0.017 0.035 











Since ascorbic acid has been intimately associated with the 
suprarenal gland, the data obtained on the distribution of ascorbic 
acid in this gland in chronic fluorine toxicosis and scurvy have 
been compiled in Table II. It is seen that the ascorbic acid con- 
tent of the suprarenal gland was relatively and absolutely decreased 
in scurvy. The first animals removed from the experiment were 
in the early stages of scurvy, or fluorosis, as the case happened 
to be. Withholding the first two animals removed from the 
experiment in Lot I from the average used to show the mg. of 
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ascorbic acid per gm. of fresh tissue reduces the value from 0.15 
mg. to 0.10 mg. of ascorbic acid per gm. of tissue. Similarly ani- 
mals fed the fluorine exhibited various degrees of severity of fluo- 
rotic symptoms when sacrificed. While not entirely uniform and 
of the same grade of fluorine toxicosis, no animal was assayed 
unless fluorotic symptoms had appeared. 

Symptoms of fluorosis usually began to appear between the 
22nd and 26th days, and generally developed into a well defined 
syndrome of fluorine toxicosis within 10 to 15 days. Lot V which 
also received fluorine appears to disrupt the trend of the data in 
the first three lots. However, two animals from this lot were 
removed in the early stages of the development of fluorosis and 
it was found that the ascorbic acid values of the suprarenal gland 
were well above the average of our control lot and contained re- 
spectively, 0.815 and 0.70 mg. of ascorbic acid per gm. of fresh 
tissue. If these two animals are disregarded the ascorbic acid 
content decreases from 0.528 mg. per gm. to an average of 0.353 
mg. per gm. of tissue for the lot which may be considered at least 
near the border line of scurvy. 12 cc. of orange juice maintained 
the ascorbic acid content of the suprarenal gland but did not 
prevent the appearance of the clinical symptoms of fluorosis. 
These symptoms of fluorosis simulating those of scurvy were in 
most cases present at the time the animals were sacrificed in this lot. 

We regret that insufficient material for analysis makes a clear cut 
conclusion concerning the influence of fluorosis and scurvy upon 
the glutathione content of the suprarenal gland exceedingly 
hazardous. The glutathione content seemed to be increased in 
the fluorine-poisoned animals. Since the glutathione was calcu- 
lated from the excess iodine above that required to titrate the 
vitamin C, or ascorbic acid, the latter when considerably reduced 
in amount, as in the case of fluorosis, materially influences the 
amount of the glutathione present in the gland. 

Table III gives the range of values and the averages for the rate 
of respiration and the cyanide inhibition for the liver tissue as 
measured in glucose, lactate, and succinate substrates and in plain 
buffer. When the average results are determined in glucose sub- 
strate little difference is observed among the various lots. The 
oxygen uptake averages close to 870 c.mm. per gm. per 2 hours 
and the cyanide inhibition is about 60 per cent. The oxygen 
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uptake for Lot VII is somewhat lower than for the other groups. 
Similarly the average results for oxygen uptake and cyanide inhi- 
bition measured in lactate substrate, succinate substrate, and 
in plain buffer show little variation among the different lots, 
though a difference is observed in the values obtained with the 
various substrates. 


Taste III 
Oxygen Uptake of Liver Tissue from Guinea Pigs. Measured at 37° in 
Phosphate-Ringer’s Solution Buffer, pH 7.3 
Values are reported in c.mm. of O, per gm. of tissue, wet weight, per 2 
hours. 


























st (Ss « sl = (sl os (8 
38 |e af #5] 32 |es| 32 [23 
Se |22) 52 [22] 53 [82] 58 82 
° | BY oa = 5 @ = 
68 |*| s* E*] o~ [BF] s* |B 
Lot I. Basal ration 
(scorbutic). . a 915 (2)*| 55/950 (8)} 60)1120 (7)} 45]1980 (3)) 31 
Lot IT. Bent + 3 ce. 
orange juice. . 990 (2) | 50/800 (8)} 49]1200 (7)| 51/1940 (1) 
Lot III. Lot II diet + 
Ee eee 890 (2) | 52/850 (7)| 52)1088 (5)| 45/1680 (2)| 21 
Lot IV. Basal + 6 ce. 
orange juice.. . . 1840 (1) | 52/830 (3)} 62) 990 (4)) 43/1710 (1)| 15 
Lot V. Basal + 6 ce. 
orange juice + NaF... ./820 (1) | 56/930 (4)| 70)1120 (3)| 52)1850 (2)) 22 
Lot VI. Basal + 12 cc. 
orange juice + Naf.... 850 (4)| 56/1150 (4)| 50 
Lot VII. Basal + crys- 
talline ascorbic acid. . .. 760 (3)) 52 

















* The numbers in parentheses indicate the number of animals used for 
calculating the values obtained. 


The results of the rate of oxygen consumption and cyanide 
inhibition determined in plain buffer are very similar to the values 
obtained in glucose buffer. It appears as though the addition of 
glucose in vitro does not increase the rate of oxygen consumption 
of liver tissue when measured over a period of 2 hours. 

The data presented in Table III indicate that scurvy and 
fluorine poisoning have relatively little effect on the rate of oxygen 
uptake and the cyanide inhibition of liver tissues of guinea pigs 
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as measured under the conditions described in this paper. These 
results do not confirm the conclusions made by Harrison (7), that 
the rate of oxygen uptake of liver tissue from scorbutic guinea pigs 
is lower than that of liver from normal animals. However, the 
results obtained are not strictly comparable with Harrison’s (7) 


TaBLe IV 


Effect of Ascorbic Acid (Karrer), in Vitro, on Oxygen Uptake of Liver Tissue 
from Guinea Pigs. Measured at 37° in Glucose-Phosphate- 
Ringer’s Solution Buffer, pH 7.3 

Values are reported as c.mm. of O2 per gm. of tissue, wet weight, per 2 
hours. 





No ascorbic 0.12 mg. ascorbic Chgap en 


acid added acid added ascorbic acid 








Guinea 
pig Cya- CN 
No. nide in- inhibi- 
Oz Jhibition| O2 tion Ab- Per 
uptake | in per | uptake] in per | solute | cent 
cent of cent of 
total total 
Lot I. Basal ration (scor- 9* | 980) 54 | 1040) 46 +60) +6 
butic) 10* | 850| 55 | 1050| 74 +200) +24 
Lot II. Basal + 3 ce. 8* | 1300 | 55 820 | 34 —480| —37 
orange juice 9 900 | 54 720 | 11 | —180) —20 
10 740 | 51 770 | 52 000; 00 
Lot IIT. Lot II diet + NaF 8 | 1020| 73 1050 | 66 +30) +3 
9 860 | 40 940 | 40 +80) +9 
Lot VII. Basal + crystal- 
line ascorbic acid 
(Link) 1 710 | 41 780 | 53 +70} +10 
(Karrer) 1 640 | 70 640 | 47 00} 00 
(Bauman) 1 930 | 46 990 | 58 +60} +6 


























* These determinations were made in plain phosphate-Ringer’s solution 
buffer; no added substrate. 


data, since he made his measurements in plain phosphate buffer 
on slices of liver tissue rather than on minced tissue and in an 
atmosphere of oxygen rather than of air. 

Harrison also reported that the in vitro addition of ascorbic acid 
brought about an increase in the oxygen uptake of scorbutic liver 
slices. Even though the results reported in Table III show little 
difference in the rate of oxygen consumption of the liver tissue 
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from the scorbutic animals as compared with the normal animals, 
it would be of interest to observe the effect of in vitro addition of 
ascorbic acid on the oxygen uptake measurements, especially since 
a diminution of vitamin C in the liver tissue was detected in the 
scorbutic group (Lot I). A few experiments on the effect of in 
vitro addition of 0.12 mg. of ascorbic acid on the rate of oxygen 
consumption of liver tissue have been carried out and the results 
are given in Table IV. These determinations as well as all of the 
other determinations of oxygen uptake on liver tissue were 
made on samples of liver weighing in the region of 200 mg. The 
addition of 0.12 mg. of ascorbic acid represents a concentration 
of 5 times the average amount found in 200 mg. of normal liver 
tissue. Harrison in his experiments added 0.25 mg. of ascorbic 
acid and used tissue slices averaging 200 mg. From Table IV it 
is readily seen that the effect of addition of ascorbic acid is not 
very pronounced and is quite variable. There appears to be a 
slight tendency to increase the respiration of the liver from the 
scorbutic guinea pigs and not to affect or to decrease slightly the 
respiration of the liver from the normal guinea pigs. The data 
presented are insufficient from which to draw definite conclusions. 

Table V gives the average time required for extracts of the liver 
tissue to decolorize methylene blue in the presence of various sub- 
strates and the effect of cyanide on the decolorization time. 

Examination of Table V readily shows that the oxidation of 
succinate occurs much more rapidly than does the oxidation of 
lactate, and the oxidation of lactate occurs more rapidly than 
the oxidation of glucose or formate. The decolorization time of 
methylene blue is not decreased significantly by the addition of 
glucose or formate as compared to the decolorization time in plain 
buffer. A few experiments not listed in Table V were performed 
with tartaric acid, maleic acid, arabinose, and xylose as substrates. 
With none of these substrates was the decolorization time de- 
creased as compared to the time required when no substrate (plain 
buffer) was used, and with tartaric acid and maleic acid a definite 
inhibiting effect on the decolorization of methylene blue was 
observed. In all cases cyanide increased the time required for 
decolorization. 

Comparing the decolorization time of the liver extracts from the 
various groups of guinea pigs, one observes no great difference. 
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The scorbutic group (Lot I) seems to be slightly more active in 
decolorizing the dye. This effect is observed with all of the sub- 
strates and also with the plain buffer. Fluorine poisoning tends 
to slow down the decolorization of methylene blue in succinate 
substrate as may be seen when the fluorine-fed lots (Lots III and 
V) are compared with their normal control lots (Nos. II and IV). 
With Lot VI, the guinea pigs fed on the high orange juice level, 
there is a definite trend toward more rapid decolorization of 
methylene blue in all of the substrates used. Even though the 
guinea pigs in Lot VI received fluorine, the high leve! of orange 


TABLE V 


Decolorization of Methylene Blue by Extracts of Livers from Guinea Pigs. 
Experiments Run at 37°, pH 7.3, in Thunberg Tubes 


Values are reported in minutes for 80 per cent decolorization. 





Average decolorization time of methylene 

















No. of blue in min. Various substrates 
guinea 
Ps | Siane [Lactate [Glucose] Pers, | Novaue” 
Lot I. Basal ration (scorbutic).| 8 6 20 43 55 64 
“ II “ + 3 cc. orange 
ith awk eek aetna 9 7 29 64 61 72 
Lot III. Lot II diet + NaF.... 9 \ 27 51 38 58 
“ IV. Basal + 6 cc. orange juice.| 5 6 40 56 86 90 
“é V. se + 6 “ “ “ ° 
EIR mee ee ape ae eae 5 7 30 67 83 88 
Lot VI. Basal + 12 ee. orange 
| Ee 4 5 16 38 














juice fed (12 cc. per guinea pig per day) seemed to counteract 
the inhibiting effect observed with succinate buffer in the fluorine- 
fed lots on the lower levels of orange juice (Lots III and V). 

The indophenol oxidase content was estimated by the ability 
of the liver extracts to cause the oxidation of the Nadi reagent 
to indophenol. The researches of Keilin (12-14) have shown that 
indophenol oxidase is the active agent in the oxidation of cyto- 
chrome and thus it assumes an important part in the oxidative 
mechanisms of the tissues. It was observed that the relative 
concentration of indophenol oxidase is distinctly decreased in the 
liver extracts prepared from the scorbutie guinea pigs and the 
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guinea pigs in the fluorine-fed groups as compared with the two 
control lots (Lots II and IV). When the oxidase tests were con- 
ducted on extracts heated at 45° for } hour, it is observed that the 
general effect was to decrease the sensitivity of the test, in other 
words the indophenol oxidase of the liver tissue is slightly heat- 
labile when held at 45° for 4 hour. 

Since a decrease in the indophenol oxidase content as measured 
by the oxidation of the Nadi reagent was observed in the liver 
extracts from the scorbutic and the fluorine-fed animals, it was of 
interest to observe the cytochrome spectrum. Slices of liver, 
kidney, and heart tissue were reduced with sodium hydrosulfite, 
placed between two glass slides, and examined with a microspectro- 
scope for the cytochrome absorption spectrum. In tissues from 
animals in all lots a distinct absorption spectrum of reduced cyto- 
chrome was observed. By such simple qualitative examination 
of the absorption spectrum little indication is given as to the 
relative amount of cytochrome; however, it could readily be ob- 
served that the concentration of cytochrome was greatest in heart 
tissue, though there was no decided decrease in any of the com- 
ponents of the absorption spectrum in the tissues from guinea 
pigs in the various lots. 

Because ascorbic acid is concentrated in the suprarenal gland 
and because in scurvy the amount of ascorbic acid in this gland 
is markedly decreased, it would be of interest to compare the rates 
of oxygen consumption of suprarenal tissue from scorbutie and 
normal animals and with fluorine-poisoned animals. 

The literature contains few reports of the rate of oxygen con- 
sumption of the suprarenal tissue. Von Euler, Myrbiick, and 
Larsson (5) reported that the oxygen uptake of the medulla of the 
suprarenal gland of beef cattle was greater than that of the cortex. 
Similar observations on dairy cows were recorded by Phillips and 
Stare (19). No observations on the rate of oxygen consumption 
of the suprarenal tissue from guinea pigs were found in the 
literature. 

In Table VI are given the range of values and the averages for 
the rate of oxygen uptake and the cyanide inhibition of the supra- 
renal tissue as measured in glucose-phosphate-Ringer’s solution 
buffer. When the average rate of oxygen consumption of the 
tissue from the scorbutic group (Lot I) is compared with that of 
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the two normal groups (Lots II and IV), it is quite obvious that 
scurvy produces a marked decrease in the oxygen consumption 
of the tissue of the suprarenal gland. The average rate of oxygen 
uptake of the tissue from the scorbutic group was 455 c.mm. 
per gm. per 2 hours, a decrease of 55 per cent as compared with 
the controls receiving 3 cc. of orange juice per day (Lot II), and 
compared with the controls receiving 6 cc. of orange juice per 
day (Lot IV) a decrease of 66 per cent. A decrease in the rate of 
respiration of the same order is observed in the average values for 


TaBLe VI 
Oxygen Uptake of Suprarenal Tissue from Guinea Pigs. Measured at 87° in 
Glucose-Phosphate-Ringer’s Solution Buffer, pH 7.3 
Values are reported as c.mm. of O:2 per gm. of tissue, wet weight, per 2 
hours. 





se. of Avers 
0. oO cyanide 
guinea =» inhibition 








ae mol total 

Lot I. Basal ration (scorbutic).............| 8 455 10 

“ Il “ + 3ce. orange juice......... 8 1000 33 

oe a. 2 ee ere Ss 540 45 

“ IV. Basal + 6cc. orange juice.......... 4 1335 69 

oe (ea ee ee “ + NaF..| 4 525 100 

2-7, * Se .* “ +NaF..| 4 605 91 

“VII. “ + erystalline ascorbic acid 

IE eR es Aye ay fe Aree 2 930 

EE Ji ha de'd ludveesses baowektas eebaend 2 1135 

EE eo pe ce ee eee 2 680 











the suprarenal tissue from the three fluorine-fed groups (Lots 
III, V, and VI). The suprarenal tissue from the guinea pigs in 
Lot VII gives a rate of oxygen consumption equally comparable 
with the values of the two normal groups. The low average 
value for the two guinea pigs in Lot VII is considerably lower 
than for the two other ascorbic acid-fed groups. This low figure 
is due largely to the low result of one of the guinea pigs which 
for some reason objected strenuously to swallowing the ascorbic 
acid, and it is probably not due to a less active ascorbic acid 
preparation. 

When the effect of cyanide on the rates of oxygen uptake of 
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the suprarenal tissue is compared, considerable difference is ob- 
served among the various lots. Cyanide produced only a 10 per 
cent inhibition in the scorbutic group. If ascorbic acid functions 
prominently in the oxidative metabolism of the suprarenal gland, 
one would expect little cyanide inhibition on the rate of oxygen 
uptake of tissue from scorbutic animals, since the ascorbic acid, 
even though its reversible oxidation-reduction characteristic is 
inhibited by cyanide, is practically nil in the suprarenal tissue 
from scorbutic guinea pigs. When Lots II and III are compared, 
both of which were on the lower level of orange juice and one of 
which received fluorine, the cyanide inhibition is found to increase 
in the fluorine-fed group. This same phenomenon is observed in 
comparing Lots IV and V which were fed with the higher level of 
orange juice. Likewise, in the other fluorine-fed group (Lot VI) 
a high cyanide inhibition was observed. It should be mentioned 
that a considerably greater variation was obtained between the 
cyanide inhibition values of the suprarenal tissue of the individual 
guinea pigs of the various lots as compared with the variation in 
the rates of oxygen uptake. Too much emphasis should not be 
placed on these findings until they are repeated, though it appears 
that in fluorine poisoning there is a tendency to increase the 
eyanide-inhibited respiration factor, and curiously, with the excep- 
tion of Lot III, the extent of the cyanide inhibition is roughly 
proportional to the amount of ascorbic acid found in the supra- 
renal tissue. 

Since such a marked decrease wis observed in the rates of oxygen 
uptake of the suprarenal tissue of scorbutic and fluorine-poisoned 
guinea pigs as compared with normal controls and because the 
ascorbic acid content of this tissue is very low in scorbutic animals, 
it would be of interest to’study the effect of in vitro addition of 
ascorbic acid on the rate of oxygen consumption. A few experi- 
ments of this order were performed. It was observed that the 
rate of respiration of the suprarenal tissue from two scorbutic 
guinea pigs (only two animals available) was increased very 
materially by the in vitro addition of ascorbic acid. With animals 
in Lots II and III the effect observed was variable. With Lot 
VII the same phenomenon was observed as was with the in vitro 
addition of ascorbic acid to the liver tissue from this lot; namely, 
the in vitro addition of the same preparation of ascorbic acid as 
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fed to the animals (Karrer’s preparation) did not cause an increase 
in the rate of oxygen consumption; however, when this ascorbic 
acid was added to the suprarenal tissue obtained from the guinea 
pigs in Lot VII, which were fed other ascorbic acid preparations, 
a considerable increase in the rate of oxygen uptake was observed. 
The results on the effect of in vitro addition of ascorbic acid on the 
rate of oxygen uptake of suprarenal tissue were too few in num- 
ber to warrant drawing any generalizations, but they point to an 
interesting study. 


DISCUSSION 


The nature of the oxidative mechanisms involved in the chemi- 
cal reactions constituting tissue respiration is extremely complex, 
and our present knowledge of the subject is quite meager. The 
facts emerging from the experimental data reported in this paper 
indicate that the activity of certain cellular oxidative mechanisms 
is intimately associated with the syndromes of scurvy and fluorine 
poisoning. A correct interpretation of the data relative to scurvy 
and fluorine toxicosis is limited by the extent of the experimenta- 
tion and by the limited knowledge of the intracacies of the respira- 
tion of animal tissues. 

The results obtained with the liver tissue were consistent and 
a logical interpretation of them may be presented. The total 
respiration as represented by the rate of oxygen consumption 
remained fairly constant in the animals from the various groups. 
The inhibiting effect of cyanide on the rate of oxygen uptake was 
similarly quite constant. Qualitative tests for indophenol oxidase 
with the Nadi reagent were markedly less in the livers of the 
scorbutic and the fluorine-poisoned animals as compared with the 
concentration found in the livers from the normal control animals. 
According to Keilin (14) indophenol oxidase functions in oxidizing 
the cytochrome reduced in the dehydrogenation of the tissue 
metabolites. A decrease in the indophenol oxidase content of a 
tissue would lower the effectiveness of the oxidase-cytochrome 
system and unless the activity of other oxidative systems was not 
increased one would expect the rate of oxygen consumption to be 
diminished. Since indophenol oxidase is inactivated by cyanide 
any decrease in respiration from a lowering of the oxidase could 
be detected by a lowering of the cyanide-inhibited respiration 
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fraction. It was found that the rate of oxygen consumption and 
the cyanide inhibition of the rate of oxygen consumption of the 
liver tissue from scorbutic and fluorine-poisoned animals were not 
significantly changed from the values obtained with tissue from 
normal animals, therefore the experimentally observed decrease 
in indophenol oxidase must have been compensated for by an 
increase in the activity of some other component of the cyanide- 
inhibited respiration fraction. 

The glutathione content of liver tissue increased in scurvy and 
in fluorine toxicosis. In normal tissue respiration glutathione 
may function in a manner similar to cytochrome. The oxidation 
of reduced glutathione is dependent on metals which are poisoned 
by cyanide, thus glutathione is a part of the cyanide-inhibited 
respiration fraction. The observed increase in glutathione con- 
tent suggests that it has assumed the function formerly performed 
by the oxidase-cytochrome system. If this assumption were true 
it would be predicted that the total respiration would remain the 
same and that the fraction inhibited by cyanide would remain 
the same. The data show this to be the case. In so far as these 
results are concerned no other component seemed to be involved 
in the respiration of the liver tissue. Lowering the vitamin C 
content of the liver by scurvy produced no marked changes in 
oxygen uptake. The addition of pure ascorbic acid to minced 
liver did not significantly change the oxygen uptake in tissue 
obtained from either the scorbutic, the fluorine-poisoned, or the 
normal animals. 

The results with the decolorization of methylene blue by 
extracts prepared from the livers from the animals on the different 
diets do not differ enough to draw any correlations with the 
syndromes of scurvy or fluerine poisoning. These results indicate 
that apparently scurvy or fluorine toxicosis has no effect on the 
hydrogen-activating systems. 

In the case of the suprarenal gland the quantity of material 
available for study from each animal was so small as to handicap 
seriously a complete study such as that made upon the liver. No 
material was available for testing this tissue with Nadi’s reagent. 
The quantity available for iodine titration was too meager for 
reliable results. Thus the lack of complete and accurate data 
relative to these two substances is somewhat disappointing. Had 
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complete data been possible perhaps it would permit of a more 
‘rational interpretation. 

The results obtained with the suprarenal gland in other respects 
are extremely interesting. The most likely explanation for the 
hypertrophy of the gland, it seems to us, is a compensatory effort 
on the part of the organism to maintain an indispensable function. 
We are not unmindful of the somewhat prevalent opinion that the 
suprarenal function is concerned with water metabolism and that 
the increase in weight might be due to additional fluids in the gland. 
Regardless of what the ultimate cause may be shown to be, we are 
chiefly concerned with the fact that its weight does increase. 

Other pertinent facts concerning the suprarenal gland have 
been obtained. The oxygen uptake fraction inhibited by cyanide 
is very low in the case of scurvy and high in fluorine poisoning. 
Apparently the efficiency of the gland is decreased in either syn- 
drome. As to the mechanism involved in the respiration of the 
suprarenal gland, we cannot state. It seems not unlikely that 
the following offered merely as a suggestion may in part right- 
fully interpret our results. The ascorbic acid content of the supra- 
renals decreases relatively and absolutely in scurvy and fluorine 
toxicosis. Since the addition of ascorbic acid to suprarenal tissue 
in vitro caused the return of normal oxygen uptake, it suggests 
immediately that ascorbic acid seems to function as an oxidation- 
reduction intermediary agent. The cyanide action upon oxygen 
uptake would support this view. The cyanide-inhibited portion 
of respiration is decreased in scurvy, perhaps due to the decrease 
in ascorbic acid. This would be in conformity with Szent- 
Gyéorgyi’s (24) finding that the oxidation-reduction activity of 
ascorbic acid was inhibited by cyanide. In the fluorine-fed ani- 
mals the CN-inhibited portion of respiration was definitely in- 
creased. The vitamin C content of the suprarenal gland in these 
cases, while appreciably lowered, was not depleted to the extent 
that it was in the case of scurvy. If this quantity of vitamin C 
were functional it might account for the CN inhibition of respira- 
tion. However, the slight response of glutathione in the fluorine- 
fed animals would also tend to increase this portion of the respira- 
tion of the gland. On the other hand large quantities of orange 
juice fed in Lot VI (12 ce. daily) indicate that the ascorbic acid 
content of the gland can be maintained in fluorosis and yet the 
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total O, uptake is significantly decreased from the normal. Thus 
the evidence in the case of fluorine points to one of two alternative 
conclusions. Either the fluorine inactivates the ascorbic acid as 
far as the animal economy is concerned, or the fluorine specifically 
inhibits an enzyme system in which ascorbic acid isinvolved. The 
latter point of view seems more in keeping with the known facts 
concerning fluorine action in the body. Thus it would seem 
plausible to suggest that ascorbic acid has a function in the respira- 
tion of the suprarenal gland. In scorbutus the ascorbic acid 
eliminates the major portion of this system while in fluorosis some 
enzyme link of the oxidative system is inhibited. 

Other observations made in these studies require some comment. 
It seems not unimportant that the ascorbic acid content of the 
anterior lobe of the hypophysis should follow the general relation- 
ship to scurvy and fluorosis that were found to exist in the supra- 
renal gland. The known important hormonal function of this 
gland requires nu comment. Should the relationship to cellular 
metabolism be found to follow those shown to exist for the supra- 
renal gland, the action of fluorine and ascorbic acid would be fur- 
ther elucidated. The similarity of the action of fluorine and 
scurvy are again demonstrated. The symptomatic likeness was 
mentioned previously. In these studies the effect of fluorine and 
scurvy upon the liver was alike in that both syndromes eliminated 
the indophenol oxidase in so far as this could be detected by Nadi’s 
reagent. Both diseases cause the suprarenal gland to hypertrophy. 
The oxygen uptake of the suprarenal tissue was uniformly de- 
creased in both diseases approximately 50 per cent. The CN- 
inhibited portion of the total respiration was dissimilarly affected 
but the likelihood of this result being caused by a disturbance in 
the same system may explain this difference. The ascorbic acid 
content was decreased in scurvy and fluorosis. In the latter the 
decrease was much less marked but nevertheless uniformly lowered. 
There was a tendency for glutathione to increase in the fluorine- 
fed groups as compared to scorbutic and normal control animals. 
In these respects chronic fluorosis and scurvy have been found 
to exert much the same physiological response in the liver and 
suprarenal gland. The symptoms of scurvy cannot be directly 
associated with the decrease of ascorbic acid in the liver but may 
be directly associated with the decrease of ascorbic acid in the 
suprarenal gland. 
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SUMMARY 


1. Ascorbic acid is widely distributed in the tissues of the normal 
guinea pig and is concentrated in the anterior lobe of the pituitary 
and in the suprarenal gland. It may be decreased to subfunc- 
tional levels and increased to relatively high values by varying the 
ascorbic acid content of the diet. 

2. The rate of oxygen uptake of liver tissue and the inhibiting 
effect of cyanide is not significantly different for liver tissue 
obtained from scorbutic, fluorine-poisoned, or normal guinea pigs. 

3. Decolorization time of methylene blue by extracts prepared 
from liver tissue from scorbutic, fluorine-poisoned, or normal guinea 
pigs is not significantly different. 

4. The rate of oxygen uptake, the inhibiting effect of cyanide, 
and the decolorization time of methylene blue are all dependent 
on the substrate in which they are measured. Succinate is most 
rapidly oxidized, lactate next, and formate and glucose differ 
little from plain buffer solution without added substrate. 

5. The indophenol oxidase content as qualitatively estimated 
by the coloration of the Nadi reagent is markedly diminished in 
the liver tissue of scorbutic and fluorine-fed guinea pigs as com- 
pared with normal controls, and the glutathione content increases, 
suggesting a compensating action on the part of glutathione. 

6. Cytochrome is present in the heart, kidney, and liver tissue 
from scorbutic, fluorine-poisoned, and normal guinea pigs. 

7. The rate of oxygen uptake of the suprarenal tissue from 
scorbutic and fluorine-poisoned guinea pigs is about half that 
found in the tissue from normal control animals. In the case of 
two scorbutic animals (only two animals available) the oxygen 
uptake was increased to the normal value by the in vitro addition 
of ascorbic acid. The cyanide-inhibited fraction of the oxygen 
uptake of the suprarenal tissue is very low in scorbutic animals, 
high in fluorine-poisoned animals, and in general is proportional 
to the amount of vitamin C in the tissue. 

8. Ascorbie acid is definitely associated with a considerable 
portion of the cyanide-inhibited intracellular respiration of the 
suprarenal gland of the guinea pig. 

9. The similarity between scurvy and fluorosis is thus confirmed 
and extended by these researches. The evidence obtained indi- 
cates strongly that ascorbic acid deficiency and the deleterious 
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effect of chronic fluorine toxicosis result primarily from distur- 
bances in specific phases of cellular respiration. 


We wish to express our thanks and appreciation to Dr. P. 


Karrer, Dr. E. J. Bauman, and Dr. K. P. Link for supplying us 
with the crystalline preparations of ascorbic acid used in these 
studies. 
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DERIVATIVES OF GLUCURONIC ACID 


IV. THE SYNTHESIS OF a- AND §-TETRAACETYLGLUCURONIC 
ACID METHYL ESTER AND OF 1-CHLOROTRIACETYL- 
GLUCURONIC ACID METHYL ESTER 


By WALTHER F. GOEBEL anp FRANK H. BABERS 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 7, 1934) 


In Paper III of this series (1) the preparation of diacetylchloro- 
glucuron was described. At that time it was hoped that this 
derivative of d-glucuronic acid could be used for the preparation 
of synthetic glucuronides. It has since been found that when 
diacetylchloroglucuron is condensed with methyl alcohol or with 
nitrobenzyl alcohol in the presence of silver carbonate or silver 
oxide crystalline products are obtained which have the correct 
analysis for the corresponding diacetyl glycosides of glucuron. 
These compounds, however, have certain properties which dif- 
ferentiate them from true glycosides. Not only do these deriva- 
tives of glucuron reduce Fehling’s solution, but in certain other 
respects they behave as though an aldehydic or ketonic group 
were present within the molecule. Although the structures of 
these substances have not yet been established, it seems, from 
certain evidence at hand, that their reducing properties cannot be 
attributed to a terminal aldehydic group. 

In order to secure an acetohalogen derivative of d-glucuronic 
acid which might be used for the synthesis of glucuronides, the 
acid itself was chosen as the source material. The silver salt of 
glucuronic acid can be formed by stirring a cold aqueous solution 
of the acid with a suspension of silver carbonate. The methyl 
ester of d-glucuronic acid is prepared by allowing the silver salt 
to interact with methyl iodide. Although the methyl ester of 
d-glucuronic acid thus formed is not crystalline, the amorphous 
derivative yields a mixture of crystalline a- and §-tetraacetyl- 
glucuronic acid methyl ester on acetylation either with acetic 
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: anhydride and zine chloride or with pyridine and acetic anhydride. 
These isomeric acetyl derivatives may be separated by fractional 
crystallization. After six recrystallizations the a form of tetra- 
acetylglucuronic acid methyl ester melts at 111-112° and has a 
specific rotation of +98.0° in chloroform. The 8 isomer, on the 
other hand, melts at 178° and shows a specific rotation of +8.7° 
when taken in the same solvent. In their present state of purity 
: the difference in the molecular rotations of a- and 8-tetraacetyl- 
4 glucuronic acid methy] ester is 33,500. 

When either a- or 8-tetraacetylglucuronic acid methy] ester is 

treated with acetyl chloride and hydrogen chloride, the derivatives 
: are, in each instance; converted into the same crystalline 1-chloro- 
; triacetylglucuronic acid methyl ester. The halogen derivative 
is levorotatory, and shows a specific rotation of —16.7° when 
; taken in chloroform. 
; Triacetylchloroglucuronic acid methy] ester is a stable derivative, 
j and may be kept in a desiccator for a long period of time without 
decomposition. The substance is slightly less soluble in chloro- 
: form and considerably more soluble in ether than is diacetylchloro- 
glucuron. When shaken with anhydrous methyl alcohol in the 
presence of silver carbonate, triacetylchloroglucuronic acid methyl 
ester yields a crystalline glucuronide which does not reduce Feh- 
ling’s solution. The synthesis and properties of this glycoside 
will be described in a later communication. In the present paper 
- the method is given for the preparation of a- and §-tetraacetyl- 
glucuronic acid methyl ester and of 1-chlorotriacetylglucuronic 
acid methy] ester. 


EXPERIMENTAL 


; Silver Glucuronate—A mixture of d-glucuronic acid and its lac- 
tone, glucuron, was obtained by the hydrolysis of the borneol 
glycoside of d-glucuronic acid according to the method of Quick 

. (2). In order to prepare the silver salt of glucuronic acid from 

4 this mixture it is necessary first to convert the lactone into glucu- 

: ronic acid. For this purpose, therefore, a preliminary analysis is 

; necessary in order to determine the percentage of lactone and acid 

in the mixture. The analysis is performed in the usual way by 

titrating a weighed sample with 0.1 n NaOH at 0°, with phenol- 
phthalein as indicator. The percentage of free glucuronic acid is 














— we ‘ 





W. F. Goebel and F. H. Babers 65 


then calculated, and the percentage of glucuron is determined by 
difference. 

The silver salt of glucuronic acid was prepared in the following 
manner. 25 gm. of the glucuronic acid-lactone mixture were 
dissolved in 50 cc. of warm water and 0.2 cc. of 1 per cent phenol- 
phthalein solution was added. The free glucuronic acid in the 
solution was neutralized with the theoretical quantity of 0.4 N 
Ba(OH): solution. Sufficient base to neutralize the remaining 
lactone was now carefully added, and at such a rate that at no 
time did the solution become definitely alkaline to the indicator. 
The period of time required for the addition of the second portion 
of the base is approximately 2 hours. After the total volume of 
base had been added, the solution of the barium salt of glucuronic 
acid was cooled to 0°. The barium was quantitatively removed 
with 3 Nn H,SO, and the precipitated barium sulfate was separated 
by centrifugation at 0°. The solution of glucuronic acid was 
decolorized with charcoal and carefully concentrated to 100 cc. 
in vacuo. 

The cold solution of glucuronic acid was now added to an aque- 
ous suspension of 2 moles of freshly precipitated silver carbonate. 
The mixture was stirred at 0° for 2 hours, and then centrifuged at 
0° to remove excess silver carbonate. The pale yellow solution 
of the silver salt of glucuronic acid was poured into 7 volumes of 
chilled redistilled methyl alcohol. The precipitated silver salt 
was filtered on a large sintered glass funnel, washed with methyl 
alcohol and ether, and dried for 3 or 4 days over P.O; in a brown 
glass vacuum desiccator. 32.0 gm. of the amorphous silver salt 
of glucuronic acid were recovered. The salt may be crystallized 
by cooling a concentrated aqueous solution to 0°. 

The alcoholic filtrate from the silver salt, when concentrated 
in vacuo, yielded a small amount of a white crystalline product 
which proved to be the silver salt of glucuronic acid in crystalline 
form. This material was dried in the air and analyzed. 


Analysis—5.225 mg. substance: 2.455 mg. AgCl 
C.H,O;Ag. Calculated, Ag. 35.66; found, Ag 35.38 
[a]? = (+0.21°  100)/1.093 = +19.2° (in water) 


Mutarotation was not observed. 
Glucuronic Acid Methyl Ester—30 gm. of silver glucuronate were 
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_ Suspended in 200 ce. of methyl iodide and shaken until the precipi- 


tate no longer showed the presence of water-soluble silver ion. 
The mixture was filtered and the precipitate washed with ether. 
The gummy residue of silver iodide, containing the methyl ester 
of glucuronic acid, was extracted with water and filtered. The 
aqueous filtrate, which contained a certain amount of free glucu- 
ronic acid, was now neutralized with barium carbonate, filtered, 
and concentrated in vacuo. 300 cc. of absolute ethyl alcohol 
were added and the precipitated barium glucuronate was sepa- 
rated by filtration. The alcoholic filtrate, containing the methyl 
ester of glucuronic acid, was concentrated to a syrup in vacuo. 
The residue was dissolved in 100 cc. of aleohol and again con- 
centrated. This procedure was repeated four times in all in order 
to remove water. The colorless amorphous residue, the methyl 
ester of glucuronic acid, was dried in a vacuum until its weight 
remained constant. 15.3 gm. of ester were recovered. 


Analysis—3.611 mg. substance: 4.194 mg. AgI 
C,Hy20;. Calculated, OCH; 14.90; found, OCH; 15.34 
[a]> = (+1.33° & 100)/(2 X 1.492) = +44.6° (in water) 


Mutarotation was not observed. 

The preparation of the methyl ester of glucuronic acid by the 
method deseribed is always accompanied by the formation of 
considerable quantities of free glucuronic acid. This may be due 
to the fact that the amorphous silver salt of glucuronic acid, which 
on analysis is found to be somewhat low in silver content, contains 
approximately 0.5 mole of water. The silver salt of glucuronic 
acid tends to darken when kept in a vacuum over P.O; in a brown 
glass desiccator. It is therefore not advisable to dry the salt 
longer than 4 to 5 days before converting it into the methyl] ester. 
Since within this time the last traces of water cannot be removed, 
its presence probably causes the formation of free glucuronic acid 
when the silver salt is converted to the ester. 

The methyl ester of glucuronic acid may also be prepared by 
shaking the silver salt in methyl alcohol together with 1.1 moles 
of methyl iodide. Under these conditions approximately twice 
as much free glucuronic acid is formed as when the reaction is 
carried out in the presence of pure methyl iodide. If the silver 
salt is shaken with an excess of methy] iodide (2 moles) in a neutral 
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solvent such as toluene, the reaction takes several weeks to come 
to completion. In order to improve the yields of glucuronic acid 
methyl ester, attempts are being made at present to esterify the 
carboxyl group by means of diazomethane. 

Acetylation of Methyl Ester of Glucuronic Acid with Acetic Anhy- 
dride and Zine Chloride—11.3 gm. of the methy] ester of glucuronic 
acid were treated at 0° with 70 cc. of acetic anhydride in which were 
dissolved 7 gm. of anhydrous zinc chloride. The ester slowly dis- 
solved. The mixture was gradually warmed to room tempera- 
ture, and finally to 50° for 25 minutes. The acetic anhydride was 
removed by distillation in vacuo. The residue in the flask was dis- 
solved as completely as possible in 100 ec. of chloroform, 100 cc. 
of water were added, and the mixture was transferred to a separa- 
tory funnel. The solution of the acetyl derivative was now washed 
at 0° with 0.2 n NaHCO; and finally with ice water. After dehy- 
drating the chloroform solution with sodium sulfate, the solvent 
was removed by distillation in vacuo. 75 cc. of ethyl alcohol 
were added, and soon after the oily residue had dissolved crystalli- 
zation of the tetraacetate of the methyl ester of glucuronic acid 
commenced. The flask was cooled to 0° and the crystals were 
removed by filtration. 6.5 gm. of substance were recovered. 
The mother liquors were concentrated to 40 cc. in vacuo. After 
standing overnight the crystals which separated from the solution 
were filtered. 5.3 gm. were recovered. 

The first crystals to separate from the alcoholic solution proved to 
be the 8 form of the tetraacetylglucuronic acid methylester. The 
substance was recrystallized four times from alcohol. The mate- 
rial melted sharply at 178° (corrected). The substance is diffi- 
cultly soluble in ethyl aleohol, and separates from hot solutions 
as glistening crystals 1 to’2 cm. in length. The substance was 
analyzed for its acetyl content by the method of Pregl (3). 


Analysis—7.291 mg. substance: 5.34 ec. N/70 NaOH 
CisH»O;;. Calculated, COCH; 45.75; found, COCH; 45.00 
4.269 mg. substance: 2.658 mg. AgI 
CisHOn. Calculated, OCH; 8.25; found, OCH; 8.23 
[ale = (+0.18° X 100)/(2 X 1.034) = +8.7° (in chloroform) 


The second crystalline derivative which separated from the original 
reaction mixture was found to be the a form of the tetraacetyl- 
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_ glucuronic acid methyl ester. The substance was recrystallized 
six times from ethyl alcohol, a solvent in which it is far more 
soluble than is the 8 isomer. After the sixth crystallization the 
compound melted at 111-112° (corrected) and showed the fol- 
lowing analysis and specific optical rotation. 


Analysis—7.161 mg. substance: 5.36 cc. N/70 NaOH 
CysH m0). Calculated, COCH; 45.75; found, COCH; 45.95 
3.230 mg. substance: 2.055 mg. AgI 
CisH2»O,. Calculated, OCH; 8.25; found, OCH; 8.41 
[a]> = (+2.62° X 100)/(2 X 1.337) = +98.0° (in chloroform) 


Acetylation of Methyl Ester of Glucuronic Acid with Acetic Anhy- 
dride and Pyridine—17.9 gm. of the methyl ester of glucuronic 
acid were dissolved in 75 cc. of pyridine and 50 cc. of acetic an- 
hydride at 0°. The mixture was allowed to stand for 3 hours in 
the ice box. The solvent was evaporated by distillation in vacuo 
until crystals of 8-tetraacetylglucuronic acid methyl ester sepa- 
rated from the solution. The mixture was cooled to 0° and fil- 
tered. The crystals were washed with small portions of chilled 
alcohol and ether. 10.9 gm. of pure 8-tetraacetylglucuronic acid 
methyl ester were recovered. The filtrate from these crystals 
was now concentrated to a syrup in vacuo, and the residue taken 
up in ethyl alcohol. On cooling crystals of the a isomer separated 
from the solution. The product was filtered and washed with 
chilled ether. 14.8 gm. of a-tetraacetylglucuronic acid methyl 
ester were recovered. This product contained a small quantity 
of the 8 isomer, which was separated by recrystallization. 

1-Chlorotriacetylglucuronic Acid Methyl Ester—5 gm. of the 8-tetra- 
acetylglucuronic acid methyl ester were placed in a pressure bottle 
and 20 cc. of freshly distilled acetyl chloride were added. The 
mixture was cooled to — 50° and saturated with anhydrous hydro- 
gen chloride. The flask was stoppered and allowed to come to 
room temperature. After standing for 48 hours, the bottle was 
cooled, opened, and the solution transferred to a distilling flask. 
The acetyl chloride was removed by distillation in vacuo. The 
amorphous residue was dissolved in 5 ec. of chloroform, decolorized 
with a little norit, filtered, and 25 cc. of anhydrous ether were 
added. After cooling to 0° crystals of the halogen derivative 
separated from the solution. 3.8 gm. were recovered. The 

















XUM 


W. F. Goebel and F. H. Babers 69 


product was recrystallized from anhydrous ether. The substance 
melted at 150.5-151.5° (corrected). 


Analysis—3.375 mg. substance: 2.312 mg. AgI 
CisHizO,Cl. Calculated, OCH; 8.79; found, OCH; 9.05 
3.909 mg. substance: 1.596 mg. AgCl 
C,;HiO,Cl. Calculated, Cl 10.06; found, Cl 10.10 
[a]®# = (—0.35° X 100)/(2 X 1.050) = —16.7° (in chloroform) 


The triacetylchloroglucuronic acid methyl ester is quite soluble in 
chloroform, and more difficultly soluble in ether. The substance 
may be recrystallized either from a mixture of chloroform and 
ether, or from ether itself. The compound may even be rapidly 
recrystallized from ethyl alcohol without serious decomposition. 
The substance appears to be quite stable; it may be kept for 
weeks in a desiccator without decomposition. 

When the a form of tetraacetylglucuronic acid methyl ester is 
treated with acetyl chloride and hydrogen chloride, one obtains 
the same halogen derivative as is secured from the 8 isomer. 


In conclusion the authors wish to express their thanks to Dr. 
P. A. Levene for his many helpful suggestions. 


SUMMARY 


The preparation of a- and §-tetraacetylglucuronic acid methyl 
ester and of 1-chlorotriacetylglucuronic acid methyl ester has been 
described. 
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In the carbon skeleton proposed for strophanthidin and related 
aglucones (Formula I) Ring I has been characterized as 6-mem- 
bered. This conclusion was reached from studies of the behavior 
of trianhydrostrophanthidin (Formula II as given before) pre- 
viously reported from this laboratory. Thus, while monoanhy- 
drostrophanthidin and dianhydrostrophanthidin are capable of 
being catalytically hydrogenated, trianhydrostrophanthidin has 
resisted all attempts at catalytic reduction of the double bonds 
with the exception of the one originally present in strophanthidin.' 
This observation suggested the presence of a benzenoid linkage in 
trianhydrostrophanthidin. This conclusion was further strength- 
ened by its behavior on oxidation? With KMnQ, an acid, 
CxoH2s03, is formed by oxidation of the lactone side chain to a 
carboxyl group presumably down to the ring in question with loss 
of 3 carbon atoms. With CrO; the molecule is attacked at another 
point with rupture of Ring II and the formation of a lactone 
directly attached to the benzenoid Ring I. These oxidative 
degradations are peculiar to trianhydrostrophanthidin and have 
not been observed in the case of the mono- or dianhydro com- 
pounds. A similar line of reasoning has been used more recently 
in the case of neoergosterol; that is, that its oxidation to a benzene- 
tetracarbonic acid indicates a benzenoid structure.** 


! Jacobs, W. A., and Collins, A. M., J. Biol. Chem., 68, 123 (1925). 
? Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 74, 805 (1927). 
* Bonstedt, K., Z. physiol. Chem., 185, 165 (1929). 
‘ Inhoffen, H. H., Ann. Chem., 497, 130 (1932). 
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With the hope of securing additional evidence regarding the 
benzenoid character of Ring I in trianhydrostrophanthidin we have 
undertaken a study of the ultra-violet absorption spectra of a 
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number of strophanthidin derivatives. For this purpose the 
series chosen was that comprising the various anhydro derivatives 
of dihydrostrophanthidin in order to avoid the complication of any 
absorption due to the double bond present in the lactone side chain 
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of strophanthidin. The results of such measurements, together 
with the curves for certain other compounds, are shown in Figs. 
land 2. It will be noted that in the case of monoanhydrodihydro- 
strophanthidin and dianhydrodihydrostrophanthidin (Fig. 1) the 
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Fig. 1. Curve 1, octahydrotrianhydrostrophanthidin in dioxane; Curve 
2, monoanhydrodihydrostrophanthidin in aleohol; Curve 3, dianhydro- 
dihydrostrophanthidin in alcohol. 





curves show a characteristic maximum at \ = 3030 A. which is due 
to the presence of the aldehyde group. For higher frequencies 
the absorption increases rapidly without presenting characteristic 
maxima as far down in the ultra-violet as\ = 2100 A. The curves 
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Fig. 2. Curve 1, dihydrotrianhydrostrophanthidin in alcohol; Curve 2, 
trianhydrostrophanthidin in alcohol; Curve 3, ester C.,H»O; in alcohol; 
Curve 4, neoergosterol in ether (from Inhoffen*); Curve 5 trianhydroperi- 
plogenin in dioxane. 
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run roughly parallel, the one for dianhydrodihydrostrophanthidin 
showing greater intensity, as would be expected from the presence 
of two double bonds. In the case of the fully saturated octahydro- 
trianhydrostrophanthidin the comparatively slight absorption is 
possibly due to the presence of the lactone carbonyl group. 

In contrast to these curves, the curve for dihydrotrianhydro- 
strophanthidin (Fig. 2, Curve 1) shows striking differences from 
those in Fig. 1. A strong band is observed extending from \ = 
2790 A. to 2500 A., which can be resolved into two components 
with maxima at \ = 2790 A. and \ ~ 2680 A. If we compare the 
intensity of the absorption of the compounds of Fig. 1 with 
dihydrotrianhydrostrophanthidin, it is at once obvious that, 
exclusive of the effect due to the aldehyde group present in the 
former but absent in the latter, the absorption of the former is 
comparatively small in the region extending from 2800 A. to 
2500 A. It is well known that all compounds so far studied, con- 
taining one benzenoid ring, have a broad band which can be more 
or less resolved in that region of the spectrum. The absorption 
curve of dihydrotrianhydrostrophanthidin therefore indicates the 
presence of a benzenoid ring. 

At the same time we have studied the absorption of trianhydro- 
strophanthidin itself and of the methyl ester of the acid, CopH2Os, 
derived from trianhydrostrophanthidin by oxidation with per- 
manganate. The similar shapes of the curves obtained at once 
suggest a close structural similarity of the substances of the trian- 
hydrostrophanthidin series, two maxima being detected in the 
broad band, the first one having exactly the same position in all 
three compounds (2790 A). The much greater intensity observed 
for the band of the ester, C2:H2.O3, can be easily interpreted by the 
presence of the carbomethoxy] group. 

We have plotted on the same graph (Fig. 2) the absorption curve 
obtained by Inhoffen‘ in a study of the ultra-violet absorption of 
neoergosterol. This compound, as above noted, is assumed to 
possess a benzenoid ring and the position of the maximum of the 
band exhibited by it corresponds exactly to that found in the cases 
of the three trianhydrostrophanthidin derivatives. The intensity 
of the band is also of the same order of magnitude in the case of 
neoergosterol and in that of trianhydrostrophanthidin and its 
dihydro derivative. The same general type of curve is also shown 
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. by dihydrodesoxoestrin,® the maximum being displaced towards 
the longer wave-length as might be expected from the presence 
of a phenolic hydroxy] group. 

In a previous communication® dealing with the isomeric dihydro- 
gitoxigenins, the possibility was discussed that the unsaturated 
lactone side chain of the cardiac aglucones was not attached 
directly to Ring I. Rather the structure shown in Formula III 
was indicated as furnishing a possible explanation for the ease 
of isomerization of the dihydrogitoxigenins. In the original formula 
for trianhydrostrophanthidin (Formula II), the arrangement of 
double bonds would form a phenylethylene, or styrene system 
(Formula IV), whereas in the alternative formula the double 
bonds would comprise an allylbenzene (3-phenylpropene-(1)) sys- 
tem (Formula V). The recent work of Ramart-Lucas and Ama- 
gat’ on the ultra-violet absorption spectra of various phenylated 
olefines would seem to offer a basis for differentiating between these 
two possibilities. These workers found that hydrocarbons pos- 
sessing a double bond immediately adjacent to a benzene ring 
(phenylethylene series) irrespective of the length of the side chain 
gave practically identical absorption curves with a very intense 
maximum at \ = 2450 A. and two subsidiary maxima at } = 
2810 A. and 2920 A. respectively. In contrast, compounds of 
the allylbenzene type or others with the double bond still further 
removed from the benzene ring gave absorption curves with but a 
single, much less intense (about 50 times less intense) band with 
a maximum at \ = 2640 A. Moreover, saturation of the ethylenic 
double bond in a compound of the phenylethylene type to give a 
phenyl paraffin resulted in the production of a curve closely 
paralleling those of the allylbenzene type. In other words, a 
double bond directly adjoining a benzene ring produces a pro- 
nounced effect on the ultra-violet absorption bands due to the 
latter, whereas if the double bond be removed by 2 or more carbon 
atoms, it exerts practically no effect. In a more recent series of 
studies dealing with eugenol, isoeugenol, safrole, isosafrole, and 
related compounds, Hillmer and Schorning have confirmed this 


‘ Butenandt, A., Stérmer, I., and Westphal, U., Z. physiol. Chem., 208, 
163 (1932). 

* Jacobs, W. A., and Elderfield, R. C., J. Biol. Chem., 100, 671 (1933). 

7 Ramart-Lucas, and Amagat, P., Bull. Soc. chim., series 4, 61, 965 (1932). 
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relationship between the proximity of an ethylenic double bond 
to a benzene ring and the ultra-violet absorption of the resulting 
compound,* thus substantiating the early work of Crymble and 
coworkers.® 

The curve for trianhydrostrophanthidin resembles closely that 
for a compound of the allylbenzene type. Also, the absorption 
curve of dihydrotrianhydrostrophanthidin differs in no great 
degree from that of trianhydrostrophanthidin. If one were deal- 
ing with a phenylethylene arrangement, it would be expected that 
saturation of the ethylenic double bond would produce a marked 
effect in the absorption curve. 

The formulation of the cardiac aglucones with the extended 
side chain in this manner is exceedingly difficult to reconcile with 
the sterol skeleton for these substances which is indicated by the 
production of Diels’ hydrocarbon (methylcyclopentanophenan- 
threne) by selenium dehydrogenation of dianhydrouzarigenin!® 
and strophanthidin." An alternative to which there are serious 
objections would be to place the side chain on carbon atom (16), 
thus bringing it into conformity with the general sterol and bile 
acid structure. These possibilities will be discussed more fully 
in a forthcoming communication (Jacobs and Elderfield). 

We have also investigated the absorption of trianhydroperiplo- 
genin. This substance, while possessing three double bonds in 
the ring system, differs from trianhydrostrophanthidin in that 
all of them are comparatively easily hydrogenated.” Further, no 
definite product was obtained from trianhydroperiplogenin on 
oxidation with KMnO,. These facts might suggest that a ben- 
zenoid structure is not present in this substance. Its absorption 
curve exhibits a definite broad band extending from 4 = 2600 A. 
to \ = 3000 A. which undoubtedly is due to a system of con- 
jugated double bonds. It is apparent from Fig. 2 that the curve 
is considerably displaced toward lower frequencies compared with 
the curves for trianhydrostrophanthidin and its derivatives. 

§ Hillmer, A., and Schorning, P., Z. physik. Chem., Abt. A, 167, 407 (1933); 
168, 81 (1934). 

* Crymble, C. R., Stewart, A. W., Wright, R., and Glendinning, W. G., 
J. Chem. Soc., 99, 451 (1911). 

1° Tschesche, R., and Knick, H., Z. physiol. Chem., 222, 58 (1933). 


1 Jacobs, W. A., and Elderfield, R. C., Science, 79, 279 (1934). 
12 Jacobs, W. A., and Bigelow, N. M., J. Biol. Chem., 101, 697 (1933). 
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Thus, while the two trianhydro derivatives are undoubtedly 
structurally similar, the divergence of their absorption curves 
combined with the ease of hydrogenation of trianhydroperiplo- 
’ genin indicates a somewhat different arrangement of the double 
bonds in the latter from that which occurs in trianhydrostro- 
phanthidin. 

At the same time, the absorption of digitaligenin (dianhydro- 
gitoxigenin) has been studied. This compound exhibits an 
absorption curve totally different from any of the above substances 
and will be made the subject of a future communication. 


EXPERIMENTAL 


The absorption measurements were carried out with a Hilger 
sector photometer in conjunction with a Hilger model E-316 
quartz spectrograph. All substances were studied in alcoholic 
solution with the exception of trianhydroperiplogenin and octa- 
hydrotrianhydrostrophanthidin which were dissolved in dioxane. 
As a check, it was ascertained that the influence of the solvent was 
negligible by a comparison of the absorption of trianhydrostro- 
phanthidin in both solvents. In dioxane the intensity of the 
maximum of the band was but slightly depressed without dis- 
placement of its position. Results are shown in Figs. 1 and 2 
where the logarithm of the molecular extinction coefficient (log «) 
is plotted against the wave number (1/A). The definition of mo- 
lecular extinction coefficient is that adopted by the “International 
critical tables.’’™ 


3 International critical tables of numerical data, physics, chemistry and 
technology, New York, 6, 359 (1929). 
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THE OXIDATION OF PROLINE AND ALANINE BY 
CERTAIN TISSUES 


By FREDERICK BERNHEIM anv MARY L. C. BERNHEIM 


(From the Departments of Physiology and Biochemistry, Duke University 
School of Medicine, Durham, North Carolina) 


(Received for publication, May 9, 1934) 


It has been shown (1) that rat liver is able to oxidize proline 
either by the reduction of methylene blue or by the utilization of a 
definite quantity of oxygen. This oxidation has now been further 
studied in a variety of different tissues and animals, including 
pigeon, mouse, rat, cat, rabbit, dog, guinea pig, and human. The 
liver and kidney of all these are able to oxidize proline in various 
degrees and all are able to reduce methylene blue more rapidly in 
its presence. Other tissues such as spleen and muscle seem unable 
to oxidize this amino acid under the conditions of these experiments. 

Recently Krebs (2) has shown that slices of rat kidney and liver 
are able to oxidize proline and also a large number of other amino 
acids and that this oxidation is accompanied by the liberation of 
ammonia. As previously reported we have found no deamination 
by rat liver under the conditions of our experiments, and except 
for the guinea pig kidney and cat liver none of the other tissues 
shows definite deamination. In the two exceptions we have fol- 
lowed the deamination at various stages of the oxygen uptake 
and found that deamination only occurred after a large amount 
of oxygen had been taken up, suggesting that the oxidation and 
deamination are separate processes. The failure to obtain deami- 
nation in the other tissues may therefore be due either to the ab- 
sence of the deamination system or its destruction by our methods 
of preparing the enzyme. This may explain the apparent dis- 
crepancy between our results on the rat and those of Krebs. 

The amount of oxygen taken up by the proline with the kidney 
and liver of different animals varies greatly. This may depend 
in certain cases on the quantity of enzyme present in the prepara- 
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tion, for by varying the concentration of tissue used different 
apparent end-points are obtained. On the other hand, very 
dilute preparations of certain tissues will utilize with the same 
amount of proline 4 or 5 times the amount of oxygen utilized by a 
concentrated preparation of another tissue. This does not neces- 
sarily mean that the processes are different in the different tissues, 
but merely that the oxidation in certain cases is pushed further. 

Recently Aubel (3) has shown that the chopped liver of the dog 
will oxidize alanine to pyruvic acid. Krebs also mentions that a 
suspension of rat liver will do the same. We have studied the 
oxidation of alanine in various tissues with the same preparation 
that was used for the oxidation of proline. Various tissues differ 
in their ability to oxidize alanine but the variations do not corre- 
spond to the variations for the proline oxidation; that is, a prepara- 
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Reduction Time of 1 Cc. of Methylene Blue (1 : 5000) by 0.5 Cc. of Tissue Alone 
and with 2 Mg. of Alanine, pH 7.8, at 18° 
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tion which oxidizes proline actively may have very little effect 
on alanine. This indicates that there are two distinct catalysts 
for the oxidation of these two amino acids. 

Unlike proline the oxidation of alanine is always accompanied 
by deamination, the extent of which runs parallel with the amount 
of oxygen taken up. Here again the concentration of tissue has 
an effect on the amount of oxygen taken up by the alanine and 
the extent of the uptake may vary from day to day in different 
animals. On the average about half the theoretical amount of 
oxygen is taken up and half the ammonia is liberated, calculated 
on the basis of the oxidation of alanine to pyruvic acid. But 
because of the variations little significance can be attached to this. 
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In active preparations, such as rabbit kidney or rat liver, alanine 


will reduce methylene blue. 


This is shown in Table I. This puts 


the catalyst for alanine with that for proline in the class of dehydro- 


Taste II 


Effect of 0.05 m Sodium Fluoride on Oxygen Uptake of Proline and Alanine 


by Certain Tissues 


The figures represent the final oxygen uptake, in c.mm., at 37°, of the 


proline or alanine and the tissue, from which was subtracted the oxygen 
uptake of the tissue with or without fluoride. 











2 mg. proline 2 mg. alanine 
Tissue 
No fluoride P ead No fluoride Fan! 
Rabbit liver 43 62 
16 33 0 0 
“kidney 131 202 21 138 
72 268 23 41 
102 174 
Guinea pig liver 28 112 
82 221 
“ kidney 149 463 109 288 
118 342 86 173 
119 364 
113 315 
Rat liver 117 161 126 138 
105 136 179 140 
“ kidney 29 21 146 126 
68 59 
Dog liver 136 254 78 143 
“ kidney 159 386 
131 211 100 147 
Mouse liver 81 132 0 16 
“ kidney - 66 69 50 54 
Pigeon liver 23 29 
0 0 0 19 
Cat liver 67 190 51 195 
141 204 
“ kidney 53 104 91 120 
27 79 

















genases. The difference in the reduction time of the kidney alone 
and the kidney plus alanine is not as great as in the case of proline, 
which corresponds to the fact that the oxidation of alanine is 
slower. 
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The addition of various salts, particularly sodium fluoride, 
has a striking effect on the oxygen uptake of proline and alanine 
in certain tissues, although the effect is greater in the case of the 
former. Addition of 0.2 per cent sodium fluoride to guinea pig 
or rabbit kidney or cat liver or kidney may more than double the 











Fia. 1. The oxidation of 2 mg. of proline by guinea pig kidney, showing 
the effect of the addition of 0.05 m sodium fluoride and 0.05 m sodium chlo- 
ride. Curve 1, proline alone; Curve 2, proline plus NaF; Curve 3, proline 
plus NaCl. 


amount of oxygen taken up by the proline. Normally guinea pig 
kidney oxidizes proline slowly and gives an apparent end-point 
of about 100 to 150 c.mm. of oxygen for 2 mg. of proline. Addi- 
tion of fluoride increases the rate and amount of the oxygen uptake 
so that the apparent uptake is 300 to 400 c.mm. of oxygen. It 
has, however, been found occasionally that tissues without fluoride 
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will oxidize proline to a greater extent than is usual. In these 
cases, as is to be expected, the fluoride has little or no effect. 

The acceleration by fluoride can be duplicated in the case of 
alanine. This is shown in Table II. It is interesting that the 
oxygen uptake of the tissue alone is often increased by the addition 
of fluoride and this is sometimes accompanied by an increased 
deamination. Evidently fluoride may act as a general stimulant 
to oxidative deaminations. 

Although the effect of fluoride on the kidney of the rabbit and 
the liver and kidney of the cat, dog, and guinea pig is marked, the 


TaBe IIT 
Comparison of Oxidation and Deamination of 2 Mg. of Proline by Guinea 
Pig Kidney 
The figures represent the percentage of the final oxygen uptake compared 
with the percentage of proline nitrogen present as ammonia at different 
times during the experiments. 





per cent per cent per cent per cent 
Experiment 1 O, uptake 72 100 
NH;-N 1.2 6.2 
” 2 O, uptake 54 100 
NH;-N 0 3.8 
- 3 O, uptake 33 55 87 100 
NH;-N 1.4 1.6 2.2 3.9 
. 4 O, uptake 29 75 
NH;-N 0.8 4.2 
_ 5 O; uptake 84 100 
NH;-N 2.5 9.1 




















effect on other tissues is somewhat less. On the kidney and liver 
of the rat and pigeon, for example, fluoride has little if any effect. 
In other cases the increase in oxygen uptake was only between 
30 and 50 per cent. 

In order to determine whether the acceleration was due to the 
specific action of the fluoride ion or was simply a salt effect, equi- 
molar solutions of sodium and potassium chloride were added to 
guinea pig kidney. These salts had effects very similar to the 
sodium fluoride in causing acceleration of the oxygen uptake of 
the proline and alanine and of the kidney alone. The only dif- 
ference was that whereas the fluoride effect occurred almost 
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always, the effect of the other salts was more variable, sometimes 
giving large accelerations and sometimes having no effect. This 
variation in individuals of one species depends on a number of 
factors as yet undetermined. The conclusion is, however, that 
the fluoride effect is predominantly a salt effect. In this con- 
nection Ewig (4), Lipmann (5), and Needham (6) have shown that 
fluoride ion has little specific effect on the oxygen uptake of 
various cells. The effect of different salts on the oxygen uptake 
of tissues and amino acids is being further investigated. A com- 
parison of the effects of sodium fluoride and sodium chloride on 
the oxidation of proline is shown in Fig. 1. 


EXPERIMENTAL 


As far as possible the tissues of all the animals were prepared 
in the same way. The animal was killed by decapitation, and the 
liver and kidneys were removed and chopped finely with scissors, 
ground in a mortar with sand, and squeezed through muslin. In 
order to obtain fairly comparable results 1.0 ec. of 0.05 m phosphate 
buffer at pH 7.8 was added for every gm. or 0.5 gm. of tissue, 
depending on its activity. 1 cc. of the resulting suspension was 
used in each Warburg vessel, 2 mg. of proline were added, and the 
whole made up with buffer to a volume of 2 cc. J-Proline and 
dl-alanine were used. 

Table III gives the oxygen uptake and deamination of proline 
by the guinea pig kidney. The ammonia determinations were 
carried out under standard conditions by means of a vacuum dis- 
tillation method and the ammonia determined colorimetrically 
after Nesslerization. The maximum ammonia nitrogen due to the 
2 mg. of added proline was 0.24 mg. Control experiments 
showed that one-half and even one-third of this amount when 
added to kidney before distillation in the form of (NH,)2SO, could 
be satisfactorily recovered. Control experiments also showed 
that this amount of ammonia did not escape from the liquid in 
the Warburg vessels during the oxidation despite the pH being 
7.8. Because of the small amount of ammonia to be estimated 
a large number of experiments were carried out and in all of them 
the ammonia production lagged behind the oxygen uptake. 

Attempts were made to isolate the end-product of the proline 
oxidation. For this purpose rat liver was used because fluoride 








Sit 





mes 
This 
r of 
hat 
on- 
hat 
> of 
ake 
om- 
. on 


the 
ors, 


ate 
ue, 
was 
the 
and 


line 
ere 
lis- 
ally 
the 
nts 
nen 
uld 
ved 
in 
ing 
ted 
em 


ine 
ide 





F. Bernheim and M. L. C. Bernheim 85 


and chloride have little effect on the oxidation and because no 
deamination occurred. This made it possible to follow the product 
through various procedures by micro-Kjeldahl determinations. 
100 mg. of proline were oxidized at one time with a suitable 
amount of liver prepared in the standard way. When the oxida- 
tion was finished, the liver was adjusted to about pH 5.0 and 
immersed in boiling water until the proteins had coagulated. The 
coagulum was filtered off, and the filtrate treated with basic lead 
acetate, the excess of which was removed by HS. The filtrate 
was then concentrated to about one-quarter of its original volume 
and treated with a small amount of charcoal and permutit to 
remove any free ammonia. Permutit does not absorb the end- 
product of the proline oxidation. From here various procedures 
were tried, most of them giving as the end-product a yellow and 
oily residue which became deeper yellow on standing but did not 
crystallize. This oil is water-soluble and is slightly soluble in hot 
methyl and ethyl alcohol but insoluble in ether and acetone. It 
gives no precipitate with the heavy metals but is precipitated 
by phosphotungstic acid and this precipitate is somewhat soluble 
in 90 per cent acetone. Breaking up the phosphotungstate with 
barium leaves the yellow oily residue apparently unchanged. In 
every experiment a control without proline was run. The control 
gave only a comparatively small precipitate with phosphotung- 
stic acid. 

Attempts to isolate or purify the enzyme responsible for the 
oxidation of proline have been unsuccessful. Rat liver was used, 
and even such mild treatments as precipitation with alcohol, 
acetone, or (NH,)2SO, almost completely inactivated it. Other 
ordinary procedures were also ineffective. The catalys+ seems to 
be unusually unstable. 

Through the kindness of Dr. K. A. C. Elliott cf the Cancer 
Research Laboratory it was shown that prclir: could not be 
oxidized by various peroxidases in the pres:n_2 of hydrogen 
peroxide. 

SUMMARY 


1. The oxidation of proline and alanine by broken cell suspen- 
sions of the kidney and liver of various animals has been studied. 
2. The various organs show a different distribution for the cata- 
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lysts involved in the oxidation of proline and alanine, indicating 
that each has a specific catalyst. 

3. 0.05 m sodium fluoride has a marked effect in accelerating 
and increasing the oxygen uptake of both proline and alanine by 
all the tissues except the kidney and liver of the mouse, rat, and 
pigeon. 

4. This sodium fluoride effect is in part a salt effect, for similar 
results can be obtained, but less constantly, with equimolar 
solutions of sodium and potassium chloride. 

5. Except in the case of the guinea pig kidney and cat liver the 
oxidation of proline is not accompanied by deamination and in 
these cases the deamination lagged behind the oxidation. The 
oxidation of alanine was always accompanied by deamination. 

6. All tissues that oxidize proline and alanine will reduce 
methylene blue more rapidly in their presence. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE BACILLI 
XXXIX. THE CONSTITUTION OF TUBERCULOSTEARIC ACID* 


By M. A. SPIELMANT 
(From the Department of Chemistry, Yale University, New Haven) 


(Received for publication, May 15, 1934) 


Anderson and his associates (1, 2) have isolated from various 
lipid fractions of tubercle bacilli and other acid-fast bacteria 
(3-7) a series of new, saturated, liquid fatty acids of unknown 
constitution. The simplest of these is an optically and physio- 
logically inactive substance to which the name tuberculostearic 
acid has been given. The present paper is concerned with experi- 
ments which have led to a knowledge of its structure. 

The empirical formula of the purified tuberculostearic acid was 
established as C,,H3;,0. on the basis of many determinations of 
the molecular weight by titration and by analyses of the free acid 
and several functional derivatives, including the silver salt. In 
earlier papers from this laboratory, the formula C,sH.O. was 
favored, although analytical values were usually too high. The 
reason lay in a reluctance to attribute to a natural fatty acid a 
formula having an odd number of carbon atoms. In the absence 
of adequate criteria of purity, there was never assurance that a 
homogeneous substance was at hand. In the case of a specimen 
isolated from Bacillus leprez, Anderson and Uyei (6) have pointed 
out the better agreement with the C,> formula. 

The problem of structure was approached through drastic 
oxidation of tuberculostearic acid with chromic acid in glacial 
acetic acid solution. Primary oxidation products seemed to be 
attacked as readily as the substance itself; hence, they were 
obtained in exceedingly small yield. Nevertheless, two relevant 


* The present report is a part of a cooperative investigation on tuber- 
culosis; it has been supported partly by funds provided by the Research 
Committee of the National Tuberculosis Association. 

t National Research Council Fellow in Chemistry. 
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.products, namely methyl n-octyl ketone and azelaic acid, were 
isolated and definitely characterized. Caprylic acid, formed 
largely as a secondary product, could not be isolated in a pure 
state, although evidence of its presence was satisfactorily shown. 
Tuberculostearic acid is therefore believed to consist largely, if 
not entirely, of 10-methylstearic acid, and the degradation products 
are formed as shown in the following reaction. 


CH; 
| 
CH;(CH:);CH(CH:);COOH 0! _.cH(CH:):CO + HOOC(CH:);,COOH 
\ 
CH;(CH:)s;COOH 


For purposes of comparison, a specimen of di-10-methylstearic 
acid was synthesized by means of the following reactions. 


CH;(CH:);ZnCl + ClCO(CH:)s;SCOOEt—>CH;(CH:);CO(CH:);COOH— 


" 
Barium salt — Ce Mal or. (CH,),CH(OH)(CH:),COOH aia, 
CH; CH; 
| H,—Pto, 
CH,(CH:.);C—=CH(CH.);COOH————-CH,(CH,, ); CH (CH); COOH 


The first step, the synthesis of 10-ketostearic acid, is essentially 
that of Fordyce and Johnson (8), although by a slight modification 
of their technique the yield was trebled. The reaction of a Grig- 
nard reagent with an oxo-acid derivative, as in the third step, is a 
procedure much employed by Adams and coworkers (9). These 
investigators, however, used the esters, while in the present work 
it was found that by employing the barium salt, and carrying out 
the reaction in a two-phase system, much better results were 
obtained. The balance of the synthesis presents nothing new. 

Synthetic dl-10-methylstearic acid resembles tuberculostearic 
acid very closely, but identity cannot be claimed. Melting points 
differ by 10°, and the solid derivatives which were prepared differ 
in crystalline form. On the other hand, these derivatives possess 
identical melting points, and mixed melting points are not 
depressed. Furthermore, the two acids form the same peculiar 
lead salt which is easily soluble in ether and sparingly so in 95 
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per cent alcohol. Densities and refractive indices are practically 
identical. The data are compared in Table I. 

The differences between the natural and synthetic acids can be 
attributed to either or both of two things. The most obvious 
explanation is that the fraction designated as tuberculostearic 
acid still contains enough of an isomeric substance to depress its 
melting point. Methods of purification and criteria of purity are 
so poorly developed in the field of liquid fatty acids that the pres- 
ence of an impurity such, for instance, as 9-methylstearic acid, 
might easily escape detection. What seems to the author to be a 
more reasonable explanation is that the differences are connected 
with the presence of an asymmetric carbon atom. The fact that 
tuberculostearic acid shows no optical activity does not prove 
its racemic nature. If the data of Levene, Rothen, and Marker 


























TABLE I 
Comparison of Tuberculostearic and dl-10-Methylstearic Acids 
Me ester , 
: Trib: 
wy. | at | at [amide Pere 
2o[e || ae 
*C. c. Cc. 
Tuberculostearic.........| 10-11)1. 4512/0. 8771/1. 4438/0.8614| 76-77) 93-94 
10-Methylstearic.........| 20-21/1. 4512/0. 8769)1. 4438/0. 8621) 76-77| 93-94 





(10), dealing with optical properties of methyl derivatives of fatty 
acids, are extended to such a substance as that under consideration, 
the absence of measurable rotation is not surprising. The closest 
approach is 6-methyldecylic acid whose molecular rotation is 
only 0.6. Furthermore, natural racemates are rare, and racemiza- 
tion during isolation is unlikely because concurrent higher products 
such as phthioic acid retain their activity. A similar anomaly 
has been encountered by Chibnall and associates (11) who isolated 
an inactive 10-nonacosanol from plant waxes, but found that it 
differed slightly from their synthetic product in its melting point. 
Later, by the preparation of an acid phthalate, they were able 
to show that it was not racemic. Racemates, such as camphoric 
acid, which melt higher than either antipode, are too numerous 
to require citation. Whatever the explanation, the matter can 
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be cleared up when a method is evolved for the resolution of our 
synthetic acid. 


EXPERIMENTAL 
Purification and Preparation of Derivatives 


Methyl Tuberculostearate—The starting material consisted of 
various samples isolated from tubercle bacilli, Strain H-37, which 
had accumulated in this laboratory during the past several years. 
All of it had been distilled three to seven times at pressures of 
about 0.004 mm. It was fractionated three times more at 3.5 
mm. in a modified Claisen flask having an 8 em. indented column; 
the part collected boiled at 158-159.5°. The ester was saponified 
and the free acid was collected. It still appeared to contain a 
little stearic acid which had escaped the original lead soap-ether 
separation. This was removed as much as possible by freezing 
out in methanol (15 cc. of solvent per 10 gm. of acid). Further 
purification was along the lines of the Twitchell procedure (12); 
17 gm. of acid were dissolved in 400 ce. of hot 95 per cent alcohol 
and exactly neutralized with alcoholic potash. 12 gm. of lead 
acetate in 200 cc. of hot alcohol were added. After standing 
overnight at 15° the gummy precipitate was separated and taken 
up in 30 ce. of ether. On standing, a small amount of lead stearate 
came out and was removed by filtration through norit. The ether- 
soluble lead salts were decomposed and 9.4 gm. of acid were col- 
lected. It melted at 10°. The alcoholic mother liquors were 
worked up for their acid content; this was dissolved in 200 cc. of 
alcohol, treated with 4 gm. of lead acetate, and from the precipi- 
tated lead salt an additional 2.8 gm. of acid melting at 10° were 
isolated. The alcohol-soluble lead salts were set aside, and the 
two main fractions of liquid acid were methylated and distilled. 
Practically all came over at 143-144.5° at 1.5 mm. n® = 1.4438, 
dj® = 0.8614. 

Saponification—0.3757 gm. required 11.97 cc. 0.1 nN KOH 

CroHaoO2. Mol. wt. calculated, 312.3; found, 313.9 

Analysis—0.01415 gm. substance: 0.01602 gm. H.O and 0.03990 gm. CO, 


CopH 4002. Calculated. Cc 76.85, H 12.90 
Found. * 76.90, ‘* 12.67 


Tuberculostearic Acid—The ester was saponified and the free 
acid was collected after a preliminary extraction of the saponifi- 
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cation mixture to insure the absence of neutral material. It was 
a nearly colorless oil which solidified readily on cooling and melted 
in a capillary at 10-11°. n® = 1.4512, d?> = 0.8771. 


Neutralization—0.2191 gm. required 7.35 cc. 0.1 n KOH 
CisH3s02. Mol. wt. calculated, 298.3; found, 298.0 
Analysis—0.01821 gm. substance: 0.02109 gm. H,O and 0.05119 gm. CO, 
CisHss02. Calculated. C 76.43, H 12.84 
Found. “ 76.67, ‘* 12.91 


In order to be sure that the analytical values were not due to a 
fortuitous mixture of acids, a sample was precipitated with lead 
acetate in three successive fractions which were titrated separately. 
Figures for the molecular weight were 298.5, 299.3, and 297.0. 
Two other independent samples gave 299.1 and 297.0. 

The silver salt was prepared according to the directions of 
Anderson and Chargaff (2). 


Analysis—0.2757 gm. substance gave on ignition 0.0740 gm. Ag 
CioH3702.Ag (404.9). Ag calculated, 26.65; found, 26.84 


Tuberculostearamide—0.5 gm. each of the acid and phosphorus 
pentachloride were heated on a water bath until the reaction was 
complete. The mixture was poured into cold ammonia and the 
product was formed in nearly quantitative yield. It was ex- 
tremely soluble in all organic solvents but was crystallized suc- 
cessfully from dilute methanol. Needles, melting point 76~77°. 


Analysis—0.01473 gm. substance: 0.01744 gm. HO and 0.04154 gm. CO, 
CisHssNO (297). Calculated. C 76.77, H 13.13 
Found. ** 76.91, ‘* 13.25 


Tuberculostearo-2 ,4 ,6-Tribromoanilide—The directions were 
those of Robertson (13), The product was decolorized with 
norit in methanol and crystallized from the same solvent. Yield 
50 per cent; needles, melting point 93-94°. 


Analysis—0.01830 gm. substance: 0.01092 gm. H,O and 0.03300 gm. CO, 
CosHyoNOBr; (610). Calculated. C 49.18, H 6.67 
Found. ** 49.18, * 6.61 


Oxidation of Tuberculostearic Acid 


Many sets of conditions were tried, but each refinement seemed 
to lessen the yield of degradation products, and finally the follow- 
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ing procedure was adopted. 2 gm. of acid and 50 ce. of glacial 
acetic acid, freshly distilled from chromic acid, were placed in a 
250 ec. Erlenmeyer flask and cautiously heated on a hot plate 
while 4 gm. of chromic acid were added in four portions with shak- 
ing. Whenever the evolution of carbon dioxide became vigor- 
ous, the flask was momentarily transferred to a vessel of cold 
water. Heating and cooling were so adjusted that the reaction 
required about 10 minutes. The mixture was diluted with water, 
a few drops of concentrated sulfuric acid were added, and a current 
of steam was passed through until 300 ce. of distillate had been 
collected. A few oily droplets floated on the distillate and a 
pleasant mint-like odor was apparent. There was no odor of 
lower fatty acids and a test portion gave no indication of water- 
soluble ketones. The ether extract of the distillate was washed 
free of acetic acid with water and separated into neutral and acid 
fractions with dilute alkali. 

The neutral volatile portion after cautious evaporation of the 
ether left a very small amount of colorless, fragrant oil. A minute 
droplet transferred to a drop of potassium hypoiodite under a 
microscope gave the characteristic yellow crystals of iodoform, 
thus indicating that the unknown was a methyl ketone. It was 
taken up in 5 ce. of aleohol and warmed with 50 mg. each of semi- 
carbazide hydrochloride and sodium acetate. After 5 minutes it 
was diluted to turbidity and allowed to crystallize. The precipi- 
tate weighed 30 mg. and after several crystallizations from dilute 
alcohol the melting point became constant at 122—123° which is 
correct for the semicarbazone of methyl n-octyl ketone (14). A 
specimen was synthesized and the mixed melting point was not 
depressed. 


Analysis—0.01412 gm. substance: 0.01366 gm. H.O and 0.03190 gm. CO, 
C,,H.;N;0 (213.12). Ca! culated. Cc 61.97, H 11.05 
Found. ** 61.62, “* 10.82 


The steam-volatile acid was converted to the amide (90 mg.) 
or to the p-bromophenacy] ester (80 to 160 mg.) by the usual 
methods. Neither could be satisfactorily purified. The amide 
melted at 100—103°, whereas caprylamide should melt at 105° (13). 


Analysis—0.01456 gm. substance: 0.01542 gmi. H.O and 0.03613 gm. CO: 
Cs.H:;NO (143). Calculated. C 67.13, H 11.89 
Found. * 67.68, “ 11.85 
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The p-bromophenacy] ester melted at 60-62°; the same derivative 
of eaprylic acid should melt at 65.5° (15). 


Analysis—0.01913 gm. substance: 0.01090 gm. H,O and 0.03985 gm. CO; 
CyeH2,0.Br (341.1). Calculated. C 56.30, H 6.16 
Found. ** 56.68, “* 6.37 


The material remaining after the steam distillation described 
above was extracted with ether, washed with water until the 
washings were colorless, and separated into neutral and acid frac- 
tions. The neutral part yielded nothing of interest. The acid 
fraction was extracted with four 10 cc. portions of boiling water 
by decantation through a wet filter. The extract was concen- 
trated to 2 ec. and allowed to crystallize. A colorless solid was 
isolated in yields of 30 to 70 mg. After sublimation in vacuo and 
crystallization from water and from benzene, it melted at 105° 
and its melting point was not changed when mixed with pure 
azelaic acid. 


Titration—0.0118 gm. required 1.23 cc. 0.1 n KOH 
CsHe0,. Mol. wt. calculated, 94.1; found, 96.0 
Analysis—0.01152 gm. substance: 0.0087 gm. H,O and 0.0241 gm. CO, 
CyHie0.. Calculated. C 56.84, H 8.43 
Found. ** 57.06, ‘* 8.45 


Synthesis of dl-10-Methylstearic Acid 


10-Ketostearic Acid—A 500 cc. 3-neck flask was fitted with an 
inlet tube for hydrogen in addition to the usual equipment for 
the Grignard reaction. A reagent was prepared from 15 gm. of 
n-octyl bromide, 1.87 gm. of magnesium, and 100 cc. of ether in 
an atmosphere of pure, dry hydrogen. It was cooled in an ice 
bath while a solution of 10.6 gm. of freshly fused zine chloride in 
16 cc. of ether was added slowly with vigorous stirring. A white 
solid began to separate at once. A downward condenser was 
connected and most of the ether was boiled off on a water bath; 
200 cc. of sodium-dried benzene were added, and heating was 
continued until the boiling point reached 79°. The volume was 
brought to 200 cc. with more benzene, and while the mixture was 
boiled and stirred, 19.3 gm. of w-carbethoxynonoyl] chloride (8) 
were added in an equal volume of benzene. A gummy solid began 
to form, and toward the last of the reaction stirring became largely 
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ineffectual. The product was decomposed with dilute hydro- 
chloric acid and washed with ammonium nitrate solution. The 
benzene was removed and the residue was saponified and freed 
of neutral material by extraction of the saponification mixture 
with ether. The acids were suspended in 800 cc. of water, made 
strongly alkaline with ammonia, filtered, and washed thoroughly 
with water, dilute hydrochloric acid, and again with water. The 
product was purified by crystallization from methanol, and the 
yield of 10-ketostearic acid melting at 80—-82° was 40 per cent. A 
larger run yielded 34 per cent. 

Methyl 10-Methylstearate—10-Ketostearic acid was converted to 
the barium salt by neutralization of an alcoholic solution with 
barium hydroxide. 21 gm. of the thoroughly dried chalky powder 
were suspended in 250 cc. of ether in a 3-neck flask and stirred 
until disintegration was complete and a smooth cream resulted. 
Through the dropping funnel was added a Grignard solution pre- 
pared from 18.2 gm. of methyl iodide and 3.3 gm. of magnesium 
in 50 ee. of ether. The mixture was stirred for 5 hours, during the 
last 2 of which it was boiled. It was decomposed and the product 
was separated into neutral and acid fractions in the customary 
manner. The neutral part weighed 8.8 gm. and was not further 
examined. The acids were dissolved in 25 ce. of 95 per cent 
methanol, and cooling in ice-salt caused the separation of 0.4 gm. 
of unchanged 10-ketostearic acid. The crude, oily 10-methyl-10- 
hydroxystearic acid weighed 9.5 gm., representing a yield of 52 
per cent. (By using less Grignard reagent the net yield was 
brought up to 66 per cent but more unchanged acid was recovered.) 
Dehydration proceeded smoothly on heating to 175° with a trace 
of iodine. The mixed unsaturated acids were methylated and 
distilled ; 7.8 gm. were collected at 158—160° (3.5 mm.). This was 
reduced in methanol with the usual platinum oxide catalyst, and 
the product, methyl 10-methylstearate, was distilled; boiling 
point 154—-156° at 3 mm. n® = 1.4438, d?> = 0.8621. 


Analysis—0.1346 gm. substance: 0.01534 gm. H,O and 0.03769 gm. CO, 
CooH 4002 (312.3). Calculated. Cc 76.85, H 12.90 
Found. ** 76.37, ** 12.76 


dl-10-Methylstearic Acid—The free acid was obtained on saponifi- 
cation of the ester. It melted at 20-21° and when mixed with 
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tuberculostearic acid the melting point was intermediate but less 
sharp than that of either component. n® = 1.4512, d? = 0.8769. 


Titration—0.2609 gm. required 8.82 cc. 0.1 Nn KOH 
CisHss02. Mol. wt. calculated, 298.3; found, 296.0 
Analysis—0.01350 gm. substance: 0.01535 gm. H,O and 0.03762 gm. CO, 
CisHssO2. Calculated. C 76.43, H 12.84 
Found. “* 76.00, ‘* 12.76 


10-Methylstearamide—Platelets; melting point and mixed melt- 
ing point 76-77°. 
Analysis—0.01482 gm. substance: 0.01731 gm. H.O and 0.04144 gm. CO, 


C2sH3sNO (297). Calculated. C 76.77, H 13.13 
Found. ** 76.28, ‘* 13.07 


10-Methylstearo-2 , 4 ,6-Tribromoanilide—Needles, slightly stouter 
than the natural product; melting point and mixed melting 
point 93-94°. 

Analysis—0.01253 gm. substance: 0.00755 gm. H,O and 0.02256 gm. CO; 


C2sHaoNOBr; (610). Calculated. C 49.18, H 6.67 
Found. ** 49.10, “* 6.67 


SUMMARY 


Tuberculostearic acid has been purified and found to possess 
the empirical formula C,sH;sO02. Drastic oxidation yields azelaic 
acid and methyl n-octyl ketone. These products point to the 
constitutional formula of 10-methylstearic acid. A sample of the 
racemic substance has been synthesized for comparison. 


As indicated by the title, this work constitutes a part of the 
general investigation of bacterial lipids carried on in this laboratory 
by R. J. Anderson whose generosity and cooperation are grate- 
fully acknowledged. 
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MENTS OF COW-PEA LEAVES (VIGNA SINENSIS) 
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In general, the absorption spectra of organic substances at very 
low temperatures are characterized by a marked sharpening and 
often an increase in the gross structure of the bands. In contrast 
to the aliphatic type of compound, the individual bands of the 
simpler aromatic compounds (1) at liquid air temperatures are 
usually resolved into several sharp, narrow bands. Conant and 
Kamerling (2) found that the absorption spectra of the porphyrins 
behave in a manner similar to that of the benzenoid class of com- 
pounds, and they concluded that this phenomenon is unique with 
substances containing rigid planar rings in which there is a com- 
plete conjugation of the double bonds. 

With the exception of a contemporary note by Bowden, Morris, 
and Snow (3) on the absorption spectrum of “carotene” at “low 
temperatures,” apparently no other work has been done on a 
study of the absorption spectra of the carotenoid pigments at low 
temperatures. Since the conjugated double bonds in these pig- 
ments do not comprise a closed system, the resolution of the indi- 
vidual bands into several narrower ones at low temperatures was 
not anticipated. However, in addition to the expected displace- 
ment and sharpening of the bands at low temperatures, it was 
hoped that a certain amount of additional structure would pos- 
sibly develop as this would enhance considerably the spectroscopic 
method as an aid in the identification of the pigments, for which 
there is as yet no absolute method. 
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Method for Obtaining Absorption Spectra at Liquid Air Temperatures 


The pigments studied were a-carotene, §-carotene, carrot 
“carotene,” “leaf xanthophyll,” lycopene, and a mixture of 6-caro- 
tene and leaf xanthophyll. Leaf xanthophyll from stinging nettle 
was supplied by Dr. Frank M. Schertz, lycopene by Dr. M. B. 
Matlack and Dr. C. E. Sando (4), and specimens of a-carotene 
by Professor R. Kuhn and by Dr. M. B. Matlack, who prepared 
it after the method of Karrer and Walker (5).' The leaf xantho- 
phyll was recrystallized several times from methanol, and £- 
carotene, prepared from stinging nettle by the usual procedure 
(6), from petroleum ether. Crystalline carrot carotene, obtained 
from the more soluble fractions of a benzene-methanol solution, 
in which there is a higher concentration of a-carotene, was used. 

The method for working at low temperatures is essentially that 
outlined by Conant and Crawford (7), the most important feature 
of which is the use of a mixture of ether and alcohol as solvent 
for the pigments, since this on cooling forms a transparent gel 
instead of a crystalline solid. The technique we have used is 
simple and sufficiently accurate for this type of work; a similar 
method with more refinements is that of Arnold and Kistiakowsky 
(1). An Adam Hilger medium quartz spectrograph No. E-3 was 
used. The light source was a 60 watt tungsten lamp. The ab- 
sorption cell was made of Pyrex glass and was about 25 mm. wide, 
about 8 cm. high, and had a depth of light path of 6.4 mm. At 
the center of the top of the cell there was attached a glass tube 
about 12 mm. in diameter and about 11 em. long. 

The solutions, from which the absorption spectra were obtained, 
were prepared by dissolving 1 mg. of the pigment, which was 
weighed out rapidly on a microbalance, in 50 cc. of anhydrous 
ether to which 50 cc. of absolute methanol were then added. The 
cell filled with the solution was suspended by means of a slit rubber 
stopper, which was fitted to a 1 pint unsilvered Pyrex Dewar 
flask. The stoppering of the Dewar flask in this fashion was 
necessary in order to minimize frosting. After the cell had been 
adjusted so that the level of the solution in the cell was somewhat 
below that of the liquid air, which had been clarified by filtering 
through filter paper, the solution was allowed to stand for about 


1 These two specimens of a-carotene were spectroscopically identical. 
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3 minutes, when it had solidified to a clear gel and attained a 
temperature approximating that of liquid air. A portion of the 
cell was then exposed above the liquid air so that light could be 
transmitted through the solution onto the slit of the spectro- 
graph. The cell was exposed for various lengths of time, although 
it was impractical to expose it for longer than 2 minutes. If the 
cell was again immersed in the liquid air bath, the gel cracked and 
became unsuitable for further work. This cracking could only 
be avoided by rewarming the cell until the gel had liquefied before 
recooling. 

In addition to Seed 23 photographic plates which were employed 
in the main, a few panchromatic plates were used to show the 
absence of absorption bands in the region in which the former 
are not sensitive. For purposes of comparison the spectra of 
a helium discharge tube and of the solution at room temperature 
together with the spectra of the cooled solution were always 
photographed on the same plate. Since liquid air absorbs light 
in the visible region of the spectrum, the results obtained by 
transmitting light through the liquid air as well as the solution 
were found to be unsatisfactory. 


DISCUSSION 


The comparative study of the absorption spectra of a- and 6- 
carotene, lycopene, and leaf xanthophyll taken at room and liquid 
air temperatures showed in general the following important 
changes. At low temperatures (a) more bands developed in the 
region of the near ultra-violet, (6) a certain amount of structure 
in the form of lines or bands was produced, and (c) as expected, 
because of the decrease in the heat motion of the particular portion 
of the molecule responsible for the absorption, the bands were 
sharpened considerably. They were also shifted on an average 
of about 150 A. towards longer wave-lengths. 

The results shown in Table I were obtained with alcohol-ether 
solutions containing 0.001 per cent pigment. This concentration 
was experimentally found to give the best results at low tempera- 
tures; at room temperature conditions a stronger solution is 
desirable. It is interesting to note that at low temperatures the 
absorption spectrum of recrystallized carotene from carrots, which 
contains about 10 to 15 per cent of a-carotene, is quite similar to 
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the spectrum of 8-carotene; the centers of the absorption bands lie 
at 4980, 4635, and 4355 A., and thus have been shifted about 20 A. 
towards shorter wave-lengths. A similar result was obtained 
with a solution of pigment containing 83 per cent 8-carotene and 
17 per cent leaf xanthophyll. This confirms the recent findings 
of Smith and Milner (8) who noted that the absorption maxima 
were progressively shifted towards shorter wave-lengths with 
increasing concentration of a-carotene in a mixture of a- and B- 
carotene. One may thus conclude that a by-product whose 
absorption bands overlap that of the principal substance will 
produce an apparent shift in the bands of the principal sub- 
stance in the direction of the absorbing bands of the by-product. 


TaBLeE | 
Positions of Centers of the Absorption Bands in A ngstrom Units 





a-Carotene 8-Carotene Leaf xanthophyll Lycopene 





Room a Room or - id Room Liquid air Room Liquid air 
tempera- tempera- tempera- | , empera- tempera- | tempera- | tempera- | tempera- 
ture ture ture ture ture ture ture ture 





4770 4910 4815 5000 4760 4900 5040 5205 























4435 4590 4490 4670 4430 4580 5030 
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As this shift in the case of carrot carotene is small and because of 
the wide use in the past of the spectroscopic method as an aid in 
the identification of the pigments, it is not surprising that the 
mixed nature of carrot carotene remained unknown for such a 
long time. It should perhaps be stressed that the spectroscopic 
method as used in this field is of little use in the detection of 
moderate amounts of impurities. 

The similarity in the absorption spectra of a-carotene and leaf 
xanthophyll has been commented on in the past. At liquid air 
temperatures the likeness is even more striking. The centers of 
the three main bands, as well as the one developed at low tem- 
peratures, differ by only 10 A.; the centers of the bands of a-caro- 
tene lie closer to the longer wave-lengths and thus between those 
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Fig, 1. Spectrograms of some carotenoid pigments; A and B, a-carotene; 
(, leaf xanthophyll; D and E, £-carotene; F, lycopene. A was obtained 
at room temperature and the others at liquid air temperatures. The 
concentration of E was 0.0029 per cent in 50:50 methyl aleohol-ether and 
was increased in order to bring out the band at 4290 A. more clearly. 
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of leaf xanthophyll and 6-carotene. Moreover, each spectrum 
has a faint transmission band in the center of the band lying at 
4900 to 4910 A,, as well as a fifth absorption region whose center 
is approximately at 3810 A. Attempts to intensify these features 
by varying the concentration were without success. This close 
similarity in the absorption spectra of a-carotene and leaf xantho- 
phyll suggests that there is perhaps a closer structural relationship 
between these two pigments than between the latter and 8-caro- 
tene. At low temperatures a fifth band whose center lies at 
about 3880 A. is visible in the spectrum of 8-carotene. The largest 
change was noted in the absorption spectrum of lycopene. In 
this case considerable structure is developed at low temperatures, 
as is illustrated in F, Fig. 1. A number of details could not be 
reproduced in this photograph, as for instance a faint transmission 
line in the center of the 5205 A. band and a band at 4020 A. The 
4290 A. band consisted of a number of transmission and absorption 
bands which were too diffuse to measure. 

Bowden, Morris, and Snow (3) have determined the absorption 
spectrum of an ethanol solution of carotene at “low temperatures.” 
In the main our results confirm theirs. They noted at the lower 
temperatures that the bands were sharpened and appreciably 
shifted towards longer wave-lengths, and that a fourth band also 
made its appearance. The absorption bands of other pigments 
were apparently not determined and a description of their method 
was not reported. 


Carotenoid Pigments of Cow-Pea Leaves (Vigna sinensis) 


The isolation of zeaxanthene ester from Physalis sp. (9, 10) has 
suggested the possibility of the occurrence of xanthophyll as an 
ester in certain of the green leaves. Willstiitter and Stoll (11), 
however, were able to isolate some xanthophyll from Urtica, L., 
even in the absence of the usual alkaline hydrolysis. This result 
has since been supported by the work of Karrer et al. (12) who 
used a somewhat different procedure. The most comprehensive 
study has been that of Kuhn and Brockmann (13); they found in 
the several species investigated that the major portion of the xan- 
thophyll is in the unesterified form. Because of these and other 
results there has been a tendency to assume that the predominant 
carotenoid pigments in green leaves are 6-carotene and xantho- 
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phyll. . Since Mackinney and Milner (14) have shown that carrot 
leaves contain an appreciable amount of a-carotene, and Yam- 
amoto and Muraoka (15) have shown that the carotene in tea 
leaves is practically all of the a type, it is obvious that such an 
assumption does not hold and that the carotenoid pigments occur- 
ring in the green leaves of species not yet investigated may well 
show other differences. 

We were led to investigate the carotenoid pigments of Vigna 
sinensis through some observations of Dr. Frank M. Schertz. He 
called our attention to the fact that the carotene extract obtained 
from this species, in contrast to the golden yellow color of that 
obtained from Urtica dioica, L., has a decided brownish cast 
which perhaps suggests the presence of a different type of pigment. 
Moreover, as the lipid content of Vigna sinensis is high and the 
environment thus favorable for the production of xanthophyll 
esters, the nature of the xanthophyll was also investigated. 

The method used for determining whether or not xanthophyll 
is present as an ester was essentially similar to those used in the 
past. The dried leaves were extracted with petroleum ether, 
since the xanthophyll esters are soluble in this solvent whereas 
xanthophyll is not. This extract after some manipulation was 
treated with alcoholic potash and the xanthophyll and carotene 
worked up in the usual manner. Xanthophyll was found to be 
present only in traces and from this it may be inferred that if 
xanthophyll is present as an ester it is so only in negligible amounts. 
The major portion of the carotene, which is particularly difficult 
to isolate from this species as might be expected because of the 
large amount of fatty material, was shown spectroscopically to 
be the 8 variety. The brownish color of the crude carotene extract 
was due to chlorophyll degradation products, probably produced 
by a decomposition resulting from the slow rate of drying which 
could not be avoided because of the thick, waxy coating on 
the leaves. 

EXPERIMENTAL 


Cow-pea leaves were dried in a rapid stream of air at 40° for 
72 hours. When dry, the leaves were ground in a ball mill to a 
fine meal. 400 gm. of this were treated with 1 kilo of petroleum 
ether (b. p. 35-50°) and allowed to stand overnight before filtering 
by suction and washing with 500 cc. of the solvent. 
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Leaf Xanthophyll—The greenish colored filtrate had a pro- 
nounced yellowish tint and was washed successively with 150 ce. 
portions of 80, 85, 85, and 90 per cent methanol in order to remove 
free xanthophyll. The petroleum ether fraction was dried over 
sodium sulfate and treated with a solution of 2 gm. of sodium in 
40 cc. of 95 per cent ethanol. During this operation, the solution 
lost its fluorescence and, as no xanthophyll separated, which might 
be expected were it present as an ester, it was shaken with portions 
of 10 per cent methyl alcoholic potash until the green color was 
removed and then with 85 per cent methanol. The alcoholic 
and alcoholic potash extractions were combined and, after the 
addition of some water, thoroughly extracted with ether. After 
drying the ether extract with sodium sulfate, its absorption spec- 
trum was taken and found to be identical with that of leaf xantho- 
phyll. However, the amount present was so small that no crystal- 
line material could be isolated from a concentrated residue, and the 
portion present represented only a small fraction of the amount 
that can be isolated from the meal by using the ordinary procedure. 
A specimen obtained from The American Chlorophyll Company 
was recrystallized several times from methanol and melted with 
decomposition at 184-186° (corrected) on rapid heating. The 
centers of the absorption bands at low temperatures were at 4900, 
4580, 4310, and 4050 A. and lay in the same positions as those of 
xanthophyll obtained from stinging nettle. 

B-Carotene—The petroleum ether extract after removing xan- 
thophyll, alcohol, and water was cooled in an acetone-carbon 
dioxide bath and the pale yellow, waxy precipitate filtered off. 
The filtrate was concentrated to about 200 cc. and treated with 
100 cc. of acetone. After removal of the precipitate the filtrate 
was washed with water to remove the acetone. A few hundred 
ec. of ligroin (b. p. 80°) were added and the solution extracted 
three times with hot 90 per cent ethanol. The ligroin solution 
was dried, concentrated to 50 ce., and cooled. Carotene and some 
fatty substances crystallized. The lipid was removed from the 
carotene by triturating with a small amount of petroleum ether. 
The recrystallized carotene had all the physical properties and the 
same type of absorption spectrum as 6-carotene. Unfortunately 
we were not in a position to determine its optical activity. 
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We wish to express our appreciation to Dr. Frank M. Schertz 
for making available to us his wide experience in the field of pig- 
ments; to Dr. C. E. Sando, Dr. M. B. Matlack, and Professor R. 
Kuhn for specimens of materials; and to Dr. O. R. Wulf for 
numerous spectroscopic suggestions. 


Addendum—Since this work was completed there has appeared recently 
a brief paper by Miller (16) on the absorption spectra of a- and 6-carotene 
and leaf xanthophyll at liquid nitrogen temperatures. In view of the 
similarity of the methods used and in spite of the fact that a non-polar 
solvent was used in the case of the carotenes, it seems somewhat surprising 
that his results should differ so markedly from those of ours. For example, 
no new bands for these pigments were recorded in his work; moreover, the 
absorption maxima of ‘“‘a-carotene,’’ the method of preparation of which 
was not given, instead of lying closer to shorter wave-lengths than those of 
8-carotene lay closer to longer wave-lengths, a shift that one would hardly 
expect to occur by a change of solvent and which is not in agreement with 
the results of other investigators (8, 17, 18). 
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During the course of a study of the influence of potassium chlo- 
ride administration on the mineral metabolism of man a number 
of blood specimens were analyzed. Since they have no particular 
bearing on the other results of the study but are of interest in 
themselves concerning the sodium content of human red blood 
corpuscles, we wish briefly to report the analyses here. 

From the metabolic data of the experiments the daily intakes 
of sodium and potassium of two normal adults alone concern us 
and these are listed in Table I. At the end of each period venous 
blood was drawn without stasis into closed vessels and there 
defibrinated with glass beads. The defibrinated blood was then 
centrifuged for 1 hour at between 2600 and 3000 r.p.m. and analy- 
ses made in duplicate on samples from the separated serum and 
cells. Total base was determined by the method of Van Slyke, 
Hiller, and Berthelsen (1), calcium and chloride respectively 
according to the methods of Van Slyke and Sendroy (2, 3), specific 
gravity by the pycnometer, and water content by drying to 
constant weight at 110°. Sodium and potassium were determined 
by a macroapplication of the method of combined sulfates and 
potassium as potassium chloroplatinate and sodium by difference. 
The details of the method have been given in Peters and Van 
Slyke (4). 

In Table II we have summarized our analytical data on the inor- 
ganic base of human red blood cells and for comparison have given 
the data of several other investigators. Our total base values 
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for serum tend to be very slightly higher than the average value 
given by Peters and Van Slyke (5), but considerably above the 
values reported by Sunderman (6) and Hald (7). 


Our average 


























TaBLe I 
Daily Intake of Na and K 
Period No. No. of days ane ~— re Na: K ratio 
m.-eq. per day | m.-eq. per day 

Experiment 1 1 1-6 201 86 2.33 
2 6-12 204 148 1.38 
3 12-18 201 86 2.33 
Experiment 2 1 1-6 38 79 0.48 
2 6-12 33 146 0.23 
3 12-18 38 79 0.48 
4 18-22 104 79 1.32 

TaB_e II 


Reported Values of Na, K, Cl, 


and Total Base in Milli-Equivalents per Liter 












































of Serum and Cells of Normal Men 
Cell Serum Cells 
Author vol- 
ume | Na] K} ci] Total) Na | K | cr] Total 
per cent vq. - 
Kramer and Tis- | Maximum} 43 {152/5.1 +6*/114* 
dall (9) Minimum | 35 |140/4.6 —17 |105 
Average 41 |146/5.0)101) 159¢ | +0 |110 114t 
Hald (7) Average 135}4. 5}103} 147 24t)105t 131f 
Dill, Talbott, and} Maximum | 48 [140/4.3/108) 152§ | 17 | 99 | 56 
Edwards (10) | Minimum | 42 /137/2.9/103} 147 13 | 89 | 51 
Average 45 |139/3. 6/106} 149 15 | 93 | 53 
Present paper Maximum 145/4.7|109} 160 23 | 91 | 55) 129 
Minimum 141/3.6)100) 155 15 | 83 | 52) 119 
Average 143}4. 2/103) 157 18 | 88 | 54) 122 








* Calculated from analyses of serum and whole blood. 

+ Sum of the cations. 

t Calculated from analyses of serum and whole blood, assuming a cell 
volume of 45 volumes per cent. 

§ Sum of cations, assuming 2 milli-equivalents of Mg per liter of serum. 
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sodium value for serum is 2 milli-equivalents higher than average 
values obtained by one of us from a large series of analyses of 
normal human sera by the uranyl zine acetate method of Barber 
and Kolthoff as described by Butler and Tuthill (8). It agrees 
closely with the average value given by Peters and Van Slyke (5) 
but is distinctly greater than values reported by Sunderman (6) 
and Hald (7). The data on sodium and potassium concentrations 
in human red cells from other investigators are very limited and 
not in agreement. Kramer and Tisdall’s (9) cell concentrations 
were obtained from determinations on serum and whole blood 
and hematocrit readings of cell volume. Hald’s cell concentra- 
tions have been estimated by us from her average serum and whole 
blood values, assuming a cell volume of 45 volumes per cent. 
Dill, Talbott, and Edwards’ (10) cell concentrations were obtained 
from determinations on centrifuged red cells, as was done in our 
own analyses. Either method involves the error of incomplete 
separation of cells from serum, but it seems that Kramer and 
Tisdall’s wide range of concentrations and large negative value 
reflects an added error in hematocrit reading. 

If the average apparent cell sodium concentration from the 
analyses of Dill, Talbott, and Edwards and ourselves is taken as 
16 milli-equivalents per liter, 11.4 cc. of serum would have to be 
included per 100 cc. of centrifuged cells, if cells completely sepa- 
rated from serum contained no sodium. In view of Hirota’s (11) 
finding that the plastic resistance of human corpuscles is overcome 
at above 2600 r.p.m. and that at such a rate the real volume of the 
corpuscles after 60 minutes centrifuging is not more than 1.5 
volumes per cent less than the apparent volume, the inclusion of 
that much serum seems unlikely. The possible adsorption of 
sodium on the surface of the red cell cannot, however, be ruled out. 
We are, therefore, uncertain that such corpuscle sodium con- 
centrations as reported mean sodium within the red cell. 

‘In Tables III and IV the analyses of the serum samples of blood 
drawn at the end of each period as shown in Table I are detailed. 
Changes in the concentrations of various constituents of the serum 
in the experiments are slight, owing to the efficiency with which 
the normal serum concentrations are protected from change. The 
errors involved in the determinations are indeed almost of the 
same order of magnitude as the probable changes. The serum 
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values of Experiment 1 (Table III) show concentrations within 
the normal limits and differences between the periods too small 
for significant comment. The cell values show concentrations of 
potassium, total base, and chloride extraordinarily constant. In 
contrast to these the cell sodium concentration in Period 2 is 
markedly less than that of Periods 1 and 3. The apparent sodium 
concentration in cells per liter of cell water was 29.5 milli-equiva- 
lents for Period 1 and 31.5 milli-equivalents for Period 3, while 
for Period 2 it was 22.2. The serum values of Experiment 2 
(Table IV) also fall within normal limits and the differences are 
probably too small for significant comment. The potassium con- 
centration in cells per liter of cell water was not as constant as in 
Experiment 1. The average value for Experiment 2 was 120.6 
compared to 125 milli-equivalents for Experiment 1. During 
Periods 1 to 3 of Experiment 2, when the sodium to potassium 
ratio of the diet was low, owing to a low sodium intake, the appar- 
ent cell sodium averaged 22.3 milli-equivalents per liter as com- 
pared to an average of 30.5 during the two periods of Experiment 
1 when the sodium to potassium ratio was high. With 4 days of 
increased sodium chloride intake the apparent cell sodium con- 
centration rose from the low value of 20.5 milli-equivalents per 
liter of cell water at the end of Period 3 to 25.3 milli-equivalents 
per liter of cell water at the end of Period 4. 

The consistency of the lower sodium concentrations within the 
cells as the sodium to potassium ratio in the diet decreased sug- 
gests a causative relation. Gerard (12) found the tissue sodium 
concentration lower in dogs fed a diet low in sodium and high in 
potassium than in control dogs, though the tissue potassium con- 
centration remained unchanged. Such a dependence as reported 
here of sodium concentrations in samples of centrifuged red cells 
on changing sodium to potassium ratios in the diet, while the serum 
sodium concentration was not affected by change in the diet ratio, 
would seem to be consistent with the presence of sodium within 
the red cell. 

Table V summarizes the inorganic base composition of centri- 
fuged red cells and the variation of their sodium concentration with 
the variation of the ratio of sodium to potassium in the diet. 

The magnesium content of the cells has been calculated as the 
difference between the total base and the sum of the sodium, 
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potassium, and calcium concentrations. Greenberg, Lucia, Mac- 
key, and Tufts (13) report the magnesium content of human red 
blood corpuscles as 5.5 milli-equivalents per liter of cells. Hald 
(7) gives the concentration as 2.0 milli-equivalents per liter. In 
the latter case the discrepancy between her figure and ours can- 
not be explained by a high total base in our analyses, since Hald’s 








TaBLe V 
Base Composition of Centrifuged Red Cells As Milli-Equivalents per Liter 
Na K Ca Mg* = 
Average, per liter cells................. 18 88 0 16 122 
ri eA =e: 25 123 0 22 170 
“ “ “ “ce “e on high Na:K 
SINS 2 she 900 te dee ant hes nd eas 31 125 0 12 168 
Average, per liter cell H,O on low Na:K 
I i. 6d ip Cakved He NE HE Saran «cs «4s SS 22 122 0 30 174 




















* Calculated by subtracting the sum of Na, K, and Ca from the total 
base. 


cell total base exceeded our figures. With such disagreement in 
cell magnesium concentration the significance of the inverse rela- 
tion between cell sodium and magnesium concentrations must 
await further investigation. 
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Natural uridylic acid has been shown to be the phosphoric 
ester of uridine, a uracil-ribofuranoside. The rate of hydrolysis 
of the phosphoryl group was found by Yamagawa! to be of the 
same order of magnitude as the rate for muscle inosinic acid. 
Consequently, since inosinic acid is 5-phospho inosine, it appeared 
probable that natural uridylic acid might be 5-phospho uridine. 

However, Levene and Jorpes? showed that, on hydrogenation 
of cytidylic acid, the product (dihydro-cytidylic acid) behaved 
exactly like yeast adenylic and guanylic acids, both the base and 
the phosphoryl group being readily split off by dilute acid at 100°. 
Since it has recently been demonstrated conclusively by Levene 
and Harris* that in yeast adenylic and guanylic acids the phos- 
phoryl group is situated at position (3) of the ribose chain, it 
seemed permissible to allocate the same formulation to yeast 
uridylic and cytidylic acids. 

In order to decide whether the natural uridylic acid is or is 
not 5-phospho uridine, we decided to synthesize 5-phospho uridine. 
The substance was prepared from monoacetone uridine, a deriva- 
tive which was shown, in the following way, to have only the 
hydroxyl group at position (5) free. Monoacetone uridine was 
treated with a slight excess (1.1 moles) of p-toluene sulfonyl 
chloride in pyridine to give monotosyl monoacetone uridine. Since 
this compound readily reacts with sodium iodide in acetone to give 


' Yamagawa, M., J. Biol. Chem., 43, 339 (1920). 
* Levene, P. A., and Jorpes, E., J. Biol. Chem., 81, 575 (1929). 
’ Levene, P. A., and Harris, 8. A., J. Biol. Chem., 95, 755 (1932); 98, 9 
(1932); 101, 419 (1933). 
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monoiodo monoacetone uridine, it follows*® that the tosyl group 
' is situated at position (5). 
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Hence, knowing that uridine is a ribofuranoside® and that posi- 
tion (4) is therefore engaged by the oxide ring, it follows that 
monoacetone uridine is 2,3-monoacetone uracil-ribofuranoside. 
This agrees, incidentally, with the observations of Levene and 
Stiller,” who have shown that when either ribose or methylribo- 


‘Oldham, J. W. H., and Rutherford, J. K., J. Am. Chem. Soc., 64, 366 
(1932). Levene, P. A., and Raymond, A. L., J. Biol. Chem., 102, 317 (1933). 

5 Levene, P. A., and Tipson, R. S., J. Biol. Chem., 106, 419 (1934). 

* Levene, P. A., and Tipson, R. S., J. Biol. Chem., 101, 529 (1933). 

7 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 102, 187 (1933); 104, 
299 (1934). 








yup 


\si- 
iat 





XUM 


P. A. Levene and R. 8. Tipson 115 


furanoside condenses with acetone, the acetone residue engages 
positions (2) and (3) of the ribose chain, leaving position (5) open. 

Monoacetone uridine was phosphorylated by treatment with 
phosphorus oxychloride in pyridine and the resulting 5-phospho 
2,3-monoacetone uridine was cautiously hydrolyzed to give 
5-phospho uridine. The product had properties quite different 
from those of natural uridylic acid. In particular, the rate of 
hydrolysis of the phosphoryl group by 0.1 Nn hydrochloric acid 
was much lower, being, indeed, lower than that of any ribose 
nucleotide yet studied. Even on hydrogenation the rate of 
hydrolysis, though increased, was lower than that of natural 
uridylic acid. 

There thus remains no doubt that natural uridylic acid is not 
5-phospho uridine. 

Incidentally, it may be mentioned that the method employed 
for the synthesis of 5-phospho uridine is being employed in this 
laboratory for the synthesis of 5-phospho esters of purine nu- 
cleosides. 


EXPERIMENTAL 


Preparation of Monoacetone Uridine—10 gm. of dry, finely 
powdered uridine were suspended in 250 cc. of acetone (analytical 
reagent), and then 0.25 ec. of concentrated sulfuric acid and 20 
gm. of anhydrous copper sulfate were added. The suspension 
was shaken at 37° for at least 48 hours. The mixture was now 
filtered, the copper sulfate well washed with small amounts of 
pure acetone, and the combined filtrate and washings rendered 
neutral by shaking with 10 gm. of dry calcium hydroxide powder 
for 60 minutes. 

The mixture was filtered, the calcium salts well washed with 
acetone, and the combined filtrate and washings evaporated to 
dryness under diminished pressure. The product invariably 
crystallized out during this evaporation, giving a colorless, crystal- 
line mass in practically quantitative yield. It is readily recrystal- 
lized from absolute methyl alcohol or in the following way. 5 
gm. are dissolved in about 60 cc. of boiling acetone, the solution 
cooled, and pentane added to faint opalescence. On nucleating 
and standing in the refrigerator, it crystallizes in rosettes of fine 
needles, m.p. 159-160°. 
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The crystalline substance was soluble in the cold in the following 
solvents: absolute ethyl alcohol, absolute methyl alcohol, acetone, 
pyridine, glacial acetic acid, and water. It was fairly soluble in 
cold and readily soluble in hot ethyl acetate; sparingly soluble in 
cold and fairly soluble in hot chloroform; slightly soluble in cold 
or hot dry ether; and very sparingly soluble in cold or hot carbon 
tetrachloride, benzene, pentane, or heptane. It was insoluble in 
methyl iodide but soluble in a mixture of methyl iodide and 
acetone. 

Its analysis was as follows: 


5.033 mg. substance: 9.410 mg. CO, and 2.565 mg. H,O 


5.915 “ “sy : 0.520 cc. N, (753 mm. at 26°) 
CyHiOeN2. Calculated. Cc 50.68, H 5.7, N 9.86 
Found. ** 50.98, ‘* 5.7, “ 9.94 


Its specific rotation was 


—0.32° X 100 


2x1012~ —15.8° (in absolute methyl alcohol) 


lalp = 
Preparation of 5-Tosyl Monoacetone Uridine—2 gm. of dry, 
crystalline monoacetone uridine were dissolved in 12 cc. of dry 
pyridine, 1.5 gm. (1.1 moles) of tosyl chloride were added, and the 
mixture shaken until the chloride had dissolved. After standing 
overnight at room temperature, with the exclusion of atmospheric 
moisture, 1 cc. of water was added to the brown solution. The 
resulting solution was kept at room temperature during 30 minutes 
and the product then isolated, as previously described for the 
tosylation of dimethyl uridine,’ giving 3 gm. of a pink, flaky 
glass which contained no halogen and was soluble in the cold in 
the following solvents: absolute ethyl alcohol, absolute methyl 
alcohol, dry ether, acetone, chloroform, benzene, pyridine, ethyl 
acetate, and glacial acetic acid. It was sparingly soluble in cold 
but soluble in hot carbon tetrachloride; insoluble in cold but 
sparingly soluble in hot heptane or water; insoluble in cold or hot 
pentane. 
Its composition was as follows: 


4.394 mg. substance: 8.390 mg. CO, and 2.100 mg. H.O 
8.160 “ _ : 0.471 cc. Nz (754 mm. at 25°) 
10.280 “ ” : 5.410 mg. BaSO, 
CisH2,03N28. Calculated. C 52.03, H 5.1, N 6.39, S 7.32 
Found. ** 52.07, “* 5.3, “ 6.55, “7.23 
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It had the following specific rotation. 


+0.36° X 100 


= +17.4° (i 
2 x 1.036 +17.4° (in acetone) 


lalp = 

Action of Sodium Iodide on 5-Tosyl Monoacetone Uridine—1.0 
gm. of dry, glassy tosyl monoacetone uridine was treated with 1 
gm. of sodium iodide in 10 cc. of acetone during 2 hours at 100°. 
The solution remained light brown in color and a large amount of 
crystalline material was deposited. 

The product was isolated in the usual way® giving a pale pink, 
flaky, glass-like substance (yield, 0.9 gm.), which was obtained 
crystalline by dissolving in a little absolute methyl alcohol and 
allowing to stand at room temperature for a few hours. It was 
recrystallized by dissolving in absolute methyl] alcohol and adding 
pentane to faint opalescence, giving colorless crystals having a 
melting point of 164°. The crystalline substance was soluble in 
the cold in the following solvents: absolute methyl alcohol, ace- 
tone, chloroform, pyridine, ethyl acetate, and glacial acetic acid. 
It was fairly soluble in cold but quite soluble in hot absolute ethyl 
alcohol; sparingly soluble in cold but soluble in hot benzene; fairly 
soluble in cold or hot dry ether; very sparingly soluble in cold or 
hot pentane; sparingly soluble in cold but fairly soluble in hot 
carbon tetrachloride or water; insoluble in cold but fairly soluble 
in hot heptane. 

Its composition was as follows: 


4.400 mg. substance: 5.915 mg. CO, and 1.570 mg. H,O 


8.570 “ = : 0.529 cc. N; (755 mm. at 22°) 
5.914 “ * : 3.495 mg. AgI 
Ci2HisO;N2I. Calculated. C 36.54, H 3.84, N 7.11, I 32.2 
Found.’ ** 36.65, “* 3.10, “* 7.10, ‘* 32.0 


It had the following specific rotation. 


» ~034°X100. 
[a]> = tution 16.3° (in acetone) 

Methylation of Monoacetone Uridine—4.5 gm. of dry, recrystal- 
lized monoacetone uridine were heated under a reflux, with stirring, 
with 60 cc. of acetone (analytical reagent) until completely dis- 
solved. The solution was cooled and 60 cc. of methyl iodide were 
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added. To the clear solution 2 gm. of dry, finely powdered silver 
oxide were added. The mixture was stirred and warmed in a 
bath at 47°. Silver oxide was added in portions of 5 gm. at 
intervals of 30 minutes until a total of 37 gm. had been added and 
then the reaction was allowed to proceed during a further 1 hour.*® 

The product was isolated by extraction with chloroform. Evap- 
oration of the chloroform extract gave 4.5 gm. of a colorless, solid, 
crystalline mass. It may be recrystallized with considerable loss 
by dissolving in acetone and adding pentane to faint turbidity. 
It has a melting point of 223-225° and is soluble in cold chloro- 
form, pyridine, and glacial acetic acid. It is fairly soluble in cold 
acetone, sparingly soluble in cold absolute ethyl alcohol, in methyl 
alcohol, and in water, but readily soluble in these four solvents on 
heating. It is insoluble in cold or hot petroleum ether and spar- 
ingly soluble in hot dry ether, carbon tetrachloride, benzene, 
and ethyl acetate. 

The crystalline material had the following composition. 


5.610 mg. substance: 0.449 cc. N, (758 mm. at 22°) 


7.455 “ = : 6.425 mg. AglI 
CisHis06N2. Calculated. N 9.40, OCH; 10.40 
Found. * tu .". ae 


Phosphorylation of Monoacetone Uridine—12.5 cc. of dry pyridine 
were placed in a Pyrex test-tube (65 X 200 mm.) and cooled to 
—40°. Then 3.5 cc. of phosphorus oxychloride were added and 
the solution cooled to —40°. To this was added, in six portions 
with stirring, a cold (at —30°) solution of 10 gm. of dry recrystal- 
lized monoacetone uridine in 50 cc. of dry pyridine, the tempera- 
ture being maintained at —30° to —35°. 

After all had been added, the mixture was stirred for a few 
minutes and then the test-tube was stoppered, transferred to an 
ice-salt bath, and maintained at —10° to —15° for 2 hours. The 
mixture set to an almost solid mass. It was now recooled to 
—35° and 7.5 ec. of 90 per cent aqueous pyridine were added 
dropwise in such small quantities that, with vigorous cooling and 
stirring between each addition, the temperature did not rise 
above —20°. 


8 Hibbert, H., Tipson, R. S., and Brauns, F., Canad, J. Research, 4, 221 
(1931). 
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The product dissolved very slowly and when heat evolution had 
ceased, a little ice and 20 cc. of ice water were added. To this 
solution was slowly added with stirring a solution of barium 
hydroxide in water, prepared by dissolving 83.5 gm. of barium 
hydroxide octahydrate in 100 cc. of boiling water and then cooling 
to 40°. Addition of barium hydroxide was continued until the 
mixture was faintly alkaline to thymolphthalein, the color of the 
reaction mixture changing from pale yellow to a vivid orange. A 
little charcoal was added and the mixture filtered. The charcoal 
was washed with a little water. On adding the aqueous washings 
to the main solution a white substance was precipitated. 

Without filtering off this precipitate, the mixture was evaporated 
to dryness under diminished pressure, in order to remove the 
pyridine. The product was a yellow powder, weighing about 
36 gm. 

This material was ground with water and the mixture centri- 
fuged. This was repeated many times until the total volume of 
aqueous extract was 400 cc. and an insoluble material (Fraction 
A), still containing organic phosphorus, remained. To this 
aqueous solution were added 400 cc. of acetone with stirring. The 
white precipitate (Fraction B) was centrifuged off and dried. 
It weighed 6 gm. This crude material (Fraction B) had a com- 
position corresponding approximately to that of the half barium 
salt of monoacetone uridine phosphoric acid. 


5.196 mg. substance: 18.345 mg. ammonium phosphomolybdate 


41.370 “ : : 11.900 “ BaS0O, 
Ci2H:eO9N2PBaj. Calculated. P 7.18, Ba 15.91 
Found. “5.13, “ 16.92 


The aqueous acetone solution was evaporated to dryness, 
giving a glass (Fraction C) which contained organic phosphate 
and weighed 20 gm. 

The water-insoluble substance (Fraction A) was repeatedly 
ground with 10 per cent aqueous acetic acid until no more material 
dissolved. It was then centrifuged and the small amount of 
insoluble substance washed by stirring with 10 per cent acetic 
acid and then centrifuging. 

Concentrated ammonia was now added to the acetic acid ex- 
tract until faintly alkaline to neutral red. The mixture was 
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centrifuged and the solution evaporated to dryness. It was freed 
from ammonium acetate by dissolving in 30 ce. of water and slowly 
adding 500 cc. of absolute alcohol with stirring. The precipitate 
was not completely soluble in water. It was boiled with several 
changes of water, filtered, and the combined filtrate evaporated 
to dryness. Weight of product (Fraction A,)=8.5 gm. 

This material (Fraction A,) was combined with the acetone 
precipitate (Fraction B) (total weight 14.5 gm.). 

Hydrolysis of Fraction C—20 gm. of Fraction C were dissolved 
in a mixture of 52.5 cc. of water and 22.5 cc. of 5 N sulfuric acid. 
Without filtering, the mixture was maintained at 75° for 2 hours. 
It was then cooled and silver carbonate was added until all the chlo- 
ride had been removed. A little 5 n sulfuric acid was added, if 
necessary, to render the solution acid to Congo red. The mixture 
was centrifuged and the precipitate was suspended in 125 ce. of 
0.1 n sulfuric acid, well stirred, and again centrifuged. 

The combined solution and extract were freed of silver by 
passing hydrogen sulfide through. The mixture was aerated, 
filtered, and the filtrate rendered faintly alkaline to phenol- 
phthalein by addition of warm, saturated barium hydroxide solution. 
The mixture was centrifuged and the precipitate was washed by 
stirring with water and centrifuging. The combined solution 
and washings were evaporated to dryness. Yield, 5 gm. The 
product dissolved readily in 30 cc. of water. To the solution were 
added 30 cc. of 95 per cent ethyl alcohol and the precipitate was 
centrifuged off and washed successively with 50 per cent ethyl 
alcohol, 95 per cent ethyl alcohol, acetone, and dry ether. It was 
then dried in a vacuum desiccator. Yield, 2 gm. 

The white powdery material had the following composition. 


9.340 mg. substance: 0.538 cc. N: (757.5 mm. at 28°) 


5.260 “ ” : 23.020 mg. ammonium phosphomolybdate 
30.925 “ . : 13.283 “ BaSO, 
C.H:,0,N,PBa. Calculated. N 6.10, P 6.75, Ba 29.89 
Found. ** 6.49, “6.36, “ 25.28 


It had the following specific rotation. 


+0.09° x 100 


= 4.5° (in 1 h hlori e 
2 X 1.010 +4.5° (in 10 per cent hydrochloric acid) 


[alp = 


The combined mother liquor and washings were evaporated to 
dryness, giving 3 gm. of material. 
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Hydrolysis of Fraction B + Fraction A,;—14.5 gm. of Fraction 
B + Fraction A; were dissolved in 90 cc. of water and sulfuric 
acid was added until the solution was faintly acid to Congo red; 
this required about 10 cc. of 5 n sulfuric acid. A further 25 ce. 
portion of 5 n sulfuric acid was added, making the solution ap- 
proximately normal in free sulfuric acid. Without filtering, the 
mixture was maintained at 75° for 2 hours. 

The substance was then isolated as described above, giving 10 
gm. of a pale yellow glass, which was dissolved in 25 cc. of water 
and precipitated by the addition of 25 cc. of 95 per cent ethyl 
alcohol. The white powdery product was dried as before. It 
weighed 4 gm. and had the following composition. 


8.325 mg. substance: 0.416 cc. N: (759 mm. at 24.5°) 


a - : 9.660 mg. BaSO, 
C,H:,0,N2PBa. Calculated. N 6.10, Ba 29.89 
Found. “© §.72, “ 26.93 


It had the following specific rotation. 


+0.07° X 100 
2 X 1.017 


lalp = = +3.44° (in 10 per cent hydrochloric acid) 
The mother liquor and washings were evaporated to dryness 
giving 4.5 gm. of a colorless glass. 

Unlike the barium salt of natural uridylic acid, the substance 
is very soluble in water. 

A portion of the material was dissolved in water and the barium 
removed quantitatively by addition of 5 Nn sulfuric acid. Test 
samples of the solution gave no precipitate with silver nitrate or 
mercuric chloride. Uranium. acetate gave a yellow precipitate. 
Hopkins’ reagent (10 per cent mercuric sulfate in n sulfuric acid) 
gave a white precipitate and basic lead acetate gave a white curdy 
precipitate. Neutral lead acetate gave no precipitate, but addi- 
tion of a few drops of ammonia gave the basic lead precipitate. 

A crystalline ammonium salt could not be obtained. The 
product was a syrup which was insoluble in methyl alcohol and in 
ethyl alcohol, but soluble in aqueous methyl alcohol. 

Preparation of Brucine Salt of Uridine 5-Phosphoric Acid—2 gm. 
of the barium salt were dissolved in water and the barium was 
removed quantitatively by addition of 5 Nn sulfuric acid to about 
pH 3.5 and then 1 n sulfuric acid dropwise until the barium had 
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been exactly removed. The mixture was centrifuged and the 
precipitate washed by stirring with water and centrifuging. 

To the solution was added a 10 per cent solution of brucine in 
absolute methyl alcohol until the pH was 7.2 (brom-thymol blue). 
A trace of insoluble material was filtered off and the solution was 
evaporated to half the volume and allowed to stand overnight at 
room temperature, whereupon it crystallized. The crystals were 
filtered off and dried. Weight, 2 gm. It was recrystallized by 
dissolving in 15 cc. of warm 33 per cent aqueous methyl alcohol 
and cooling the solution, giving colorless crystals which softened at 
163-165° and melted with foaming at 200°. The crystalline 
material was soluble in cold pyridine or glacial acetic acid; fairly 
soluble in cold and readily soluble in hot absolute methyl] alcohol 
or water; sparingly soluble in cold but readily soluble in hot ab- 
solute ethyl alcohol; and practically insoluble in either cold or hot 
dry ether, acetone, chloroform, carbon tetrachloride, benzene, 
heptane, or ethyl acetate. 

It had the following composition. 


5.910 mg. substance: 0.420 cc. N: (759 mm. at 22°) 


2.595 “ ™ : 5.105 mg. ammonium phosphomolybdate 
CssHe30i17NoP. Calculated. N 7.57, P 2.79 
Found. 8.21, “ 2.85 


It had the following specific rotation. 


—1.44° X 100 


xis” —68.8° (in dry pyridine) 


[a]p = 
The specific rotation of the brucine salt of natural uridylic acid was 
as follows: 
—1.19° x 100 


3x1064 = —55.9° (in dry pyridine) 


[aly = 


Hydrogenation of Barium Sali of Uridine 5-Phosphoric Acid— 
3.5 gm. of the barium salt of uridine 5-phosphoric acid were dis- 
solved in 125 cc. of water. 0.2 gm. of Adams’ catalyst was added 
and the suspension was shaken with hydrogen at a pressure of 
40 pounds per sq. inch. The mixture was shaken during 4 days, 
a little catalyst being added from time to time. A filtered test 
portion of the solution was, after hydrolysis with dilute mineral 
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acid, strongly reducing towards boiling Fehling’s solution. The 
mixture was filtered and the filtrate evaporated to dryness under 
diminished pressure. The product was dissolved in a little water 
and precipitated by the addition of absolute alcohol. It was 
dried by stirring with absolute alcohol and then with dry ether. 
The yield was quantitative. The material was a fine, white 
powder which, unlike the unhydrogenated material, gave a very 
strong orcinol test. 


Rates of phosphate hydrolysis of uridine nucleotides 
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Rate of Hydrolysis of Phosphoryl Group—The method of pre- 
paring the solution of the.barium salts of the nucleotides was as 
follows: 

The barium salt was weighed out accurately and dissolved in 
about 20 ec. of cold distilled water in a 100 cc. volumetric flask. 
The appropriate volume of n hydrochloric acid was added and the 
solution was rapidly diluted to 100 cc. with cold distilled water 
and then cooled in ice. 

The respective amounts of barium salt and hydrochloric acid 
employed were as follows: barium uridylate (natural) (0.0519 gm. 
(containing 3.50 mg. of phosphorus), 10.23 cc. of n hydrochloric 
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acid); barium uridine 5-phosphate (0.0741 gm. (containing 5.00 mg 
of phosphorus), 10.32 ce. of n hydrochloric acid); barium dihydro- 
uridine 5-phosphate (0.0520 gm. (containing 3.50 mg. of phos- 
phorus), 10.23 cc. of n hydrochloric acid). 

Samples of these solutions (approximately 10 cc.) were placed 
in tubes which were then sealed and heated in the boiling water 
bath. After the elapse of various intervals of time a tube was 
removed, rapidly cooled in ice to room temperature, and the 
amount of free phosphate liberated (calculated as P) in a 5 ce. 
sample determined by the method of King,® a photoelectric color- 
imeter being used. The results are recorded in Fig. 1. 


® King, E. J., Biochem. J., 26, 292 (1932). 
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THE QUANTITATIVE DETERMINATION OF SMALL 
AMOUNTS OF GONADOTROPIC MATERIAL* 


By PHILIP A. KATZMAN anp EDWARD A. DOISY 


(From the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 


(Received for publication, May 21, 1934) 


The wide interest shown in the field of sex hormones has led us to 
devise methods for the detection of minute concentrations of the 
gonadotropic substances. Several years ago Frank (1) and Loewe 
(2) reported methods for the determination of the estrogenic sub- 
stances present in blood and urine, and more recently a number of 
papers on the excretion of these substances in various conditions 
has appeared. Gustavson (3) has studied the daily excretion of a 
normal woman, and Kurzrok (4) has reported results on the urines 
of a number of women suffering from various types of illness. It 
would seem that a method of quantitatively determining the sub- 
stances causing the production of the estrogenic compounds would 
be of real scientific and perhaps clinical value. 

The study of the excretion of gonadotropic substances in condi- 
tions unassociated with pregnancy requires the use of a method 
which is capable of determining exceedingly small amounts of 
material. A many fold concentration of the active substance 
must be effected without appreciable Joss’ and the preparations 
obtained must be tolerated by the test animals. Such a method 
would be of value in determining the normal excretion in man and 
animals and in studying the variations which occur during normal 
and abnormal menstrual cycles as well as in other gynecological 
conditions. 

Although several methods have been developed for the complete 
extraction of the gonadotropic substance from urine of pregnant 


* We have been aided by financial assistance from the Theelin Fund 
administered by the Committee on Grants for Research of St. Louis 
University. 
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women (Wiesner and Marshall (5), Zondek, Scheibler, and Krabbe 
(6), Katzman and Doisy (7), and Davy (8)), no satisfactory 
procedure has been reported for the quantitative estimation of 
small quantities of such material which might be present in normal 
urines. The excretion of gonad-stimulating substances in condi- 
tions unassociated with pregnancy has been determined exclusively 
with untreated urine or by means of Zondek’s (9) alcohol pre- 
cipitation method which gives a 5-fold concentration. A greater 
concentration, sometimes as high as 20-fold, has been attained by 
several investigators (Osterreicher (10), Hamburger (11), Saethre 
(12), Schércher (13), and others), but no investigations have been 
reported on the accuracy of the determination of the small amounts 
in normal urine, 7.e. 5 rat units or less per liter. Even if one 
assumes that no loss is incurred, a 20-fold concentration would not 
permit the detection of the active substance in a concentration 
smaller than 8 to 10 rat units per liter of urine. Further, since 
the evidence indicates that ethyl alcohol causes appreciable loss of 
activity (Wiesner and Marshall (5) and Katzman and Doisy (14) ) 
it would appear that this procedure is not suitable for determining 
the normal excretion of the anterior pituitary-like substance. 

Recently we (Katzman and Doisy (15) ) described a method for 
the quantitative determination of small amounts of the gonado- 
tropic substance of urme of pregnancy which had been added to 
boiled urine. The process was based upon tungstic acid precipita- 
tion and removal of the tungstate by means of barium. Wiesner 
and Marshall (5) and Zondek, Scheibler, and Krabbe (6) have 
found that phosphotungstie acid quantitatively precipitates the 
active material of urine of pregnancy but they have not reported 
studies on the recovery of the small quantities of the active sub- 
stance which occur in normal urine. Since the tungstic acid 
method gave such a surprisingly good recovery of minute quan- 
tities (15), it did not seem worth while to investigate the phospho- 
tungstic acid precipitation. 

Though the tungstic acid-barium process gave satisfactory 
recoveries of added gonadotropic substance, two undesirable 
features remained: (1) an occasional extract which was decidedly 
toxic to the test animals; and (2) the necessity of a large centrifuge 
for the separation of the tungstic acid precipitate. 

The first difficulty was partially overcome by the substitution 
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of solid brucine for barium salts in the decomposition of the 
tungstic acid precipitate and the second was eliminated by the use 
of the benzoic acid precipitation followed by filtration instead of 
centrifugation. Furthermore, the extracts prepared by the 
benzoic acid process were less toxic than those prepared by the 
tungstic acid procedure. 

To complete the study it was necessary to determine whether the 
processes devised for extracts of urine of pregnancy could be 
applied to the recovery of the active substance of gland extracts 
and the gonadotropic material of urine of castrates. There ap- 
pears to be rather satisfactory evidence that the extracts from 
these three sources exert somewhat different effects. Since our 
interest lay chiefly in the determination of the quantitative ex- 
cretion of non-pregnant individuals, it was important to deter- 
mine whether the proposed methods would permit the quantitative 
recovery of the gonadotropic substances of the pituitary. 

The recognition of activity adopted by us differs somewhat from 
the criteria used by some investigators. Our preparations and 
the extracts of urine were assayed by their capacity to produce 
opening of the vagina and cornification of the vaginal epithelium. 
Injections were made at 9.00 a.m. and 4.00 p.m. on 3 successive 
days. Rats 21 days of age were used; if a cornified smear did not 
appear before the 29th day less than 1 rat unit had been injected. 

Various reports on the thermolability of the gonadotropic sub- 
stances have been confirmed in our laboratory. Nevertheless, 
we have prepared extracts of boiled urine which gave negative 
results at assay and have also made extracts of normal urine which 
were found to lose their potency on boiling. It has, therefore, 
seemed safe to test our processes by studying the recovery of 
measured quantities of gonadotropic substances added to urines 
which had previously been boiled for at least 1 hour. 

Lest our report leave an erroneous impression in the reader’s 
mind, we believe that the success of our processes probably de- 
pends upon the adsorption of the active material on some protein- 
like substance that is precipitated by tungstic or benzoic acid. 
With aqueous solutions of highly purified extracts of urine of 
pregnancy the procedures used give a very poor recovery, but the 
same preparations added to urines are quantitatively recovered. 
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EXPERIMENTAL 


Tungstic Acid Process—In this procedure (Katzman and Doisy 
(15)) a 24 hour urine sample to which had been added 10 cc. of 
10 per cent sodium tungstate and 10 cc. of 0.5 per cent casein 
was made acid to Congo red paper with dilute H,SO,. The pre- 
cipitate was collected by centrifugation, washed with acetone, 
freed from acetone by reduced pressure, and dissolved by adding 
dilute NaOH until the mixture was faintly alkaline to phenol- 
phthalein. Solutions of BaCl, and Ba(OH). were then added in 
the proportion necessary to prevent the solution from becoming 
acid, until precipitation was complete. The precipitate was 
removed by centrifugation, and the excess barium precipitated 
by Na,SQ,, the BaSO, removed, and the solution neutralized with 
dilute acetic acid. In this manner it was possible to concentrate 
the original sample to approximately 10 cc., representing a 100-fold 
concentration, without an appreciable loss of activity. 

The reliability of the method was determined by the recovery of 
known, small amounts of the gonadotropic substance of urine of 
pregnancy which had been added to boiled urine. Of eight ex- 
periments in which from 4 to 5 rat units were added to boiled 
urines, the recovery was from 75 to 110 per cent in seven tests. 
The average of these values was 92 per cent. 

Extending our work with the tungstic acid method to urine of 
pregnancy (7) it was found that the barium precipitation, which 
was also used for the decomposition of the phosphotungstate 
precipitate by Wiesner and Marshall (5), and Zondek, Scheibler, 
and Krabbe (6) was less satisfactory than the treatment with 
certain inexpensive alkaloids, notably brucine. Furthermore, we 
have found that the casein may be omitted; the precipitate of the 
protein substances of urine being adequate to precipitate com- 
pletely the gonadotropic material of normal urine. 

Tungstic Acid-Brucine Process—With this information at hand 
we attempted to improve the tungstic acid-barium procedure by 
the following modifications. The urine to which has been added 
20 cc. of 10 per cent Na,-WO, per liter is acidified with H,SO, until 
it is acid to Congo red paper. The precipitate is collected by 
centrifugation, washed with acetone, freed from acetone by suction, 
and suspended in a small volume of H,O. Solid brucine is added 
with thorough stirring until the reaction is neutral or slightly 
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alkaline to litmus. After standing for several hours in the cold 
room, to allow the brucine to decompose the precipitate and to 
precipitate the tungstate, the mixture is centrifuged. The extrac- 
tion with brucine is repeated twice more with short extraction 
periods. The combined extracts are added to 10 volumes of cold 
acetone and a little sodium acetate solution is added to facilitate 
precipitation (Evans (16)). This treatment serves to concentrate 
the active material in the precipitate and to retain the brucine in 
solution. The precipitate is collected by centrifugation, freed 
from acetone, and dissolved in the desired volume of H,O. By 
this procedure it is possible to attain a concentration greater than 
100-fold and the extracts appear to be less toxic than those ob- 
tained by the tungstic acid-barium method. 

Our experiments show that one extraction with aqueous brucine 
does not result in uniformly good recovery of the extract of preg- 
nancy urine which had been added to boiled urine. This is undoubt- 
edly due to the bulkiness of the precipitate which retains an 
appreciable amount of the solution. With three extractions the 
recovery is more uniform and fairly good, though perhaps not so 
satisfactory as in the benzoic acid process. In the two recovery 
experiments with fairly large amounts (16.6 rat units) of gonado- 
tropic material from beef hypophyses, recoveries of 130 and 110 
per cent were obtained. This may have been due to variations 
in the test animals or possibly to a synergetic action between the 
gland material and the urinary substance, as suggested by Evans, 
Simpson, and Austin (17) and Leonard and Smith (18). The 
second possibility seems improbable in view of the fact that the 
urine had been boiled for over 1 hour prior to the addition of the 
extract. : 

Benzoic Acid Process'—¥ rom the standpoint of ease of manipula- 
tion and completeness of recovery of small quantities of gonado- 
tropic material we have found that a modification of our benzoic 
acid adsorption method (14) is the most satisfactory procedure. 


1 After we had obtained a considerable amount of information by the 
tungstic acid-barium process, Dr. E. T. Engle informed us of his success 
in the use of the benzoic acid adsorption for removing small quantities of 
gonadotropic material from urine. Consequently we have studied the 
benzoic acid process to determine suitable conditions to secure quantitative 
results. We take this opportunity to express our appreciation to Dr. Engle. 
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In most of our experiments, urine which had been chilled in the 
refrigerator overnight was used. The cold urine is acidified to 
pH 5 with acetic acid and for each liter, 75 cc. of acetone saturated 
with benzoic acid are added with vigorous stirring. The pre- 
cipitated benzoic acid is collected on a Buchner funnel, washed 
with a saturated aqueous solution of benzoic acid, and dissolved 
in cold acetone. The acetone-insoluble material, which may be 
collected either by centrifugation or by suction filtration on a small 
funnel, is washed with acetone and dissolved in dilute NaOH. 
The pH is not permitted to exceed 9. Any insoluble material is 
removed by centrifugation and the extract is neutralized to pH 
7 to 8 with dilute acetic acid. A second or even a third extraction 
of the precipitate with dilute sodium hydroxide may be advisable. 
The extract may be concentrated by adding 10 volumes of cold 
acetone, collecting the precipitate, freeing it from acetone, and 
dissolving it in the desired volume of H,O. Since this procedure 
makes possible a 200-fold concentration, an entire 24 hour urine 
sample can be injected into a single immature rat, permitting the 
detection of 1 rat unit in that sample. We have noted no toxic 
effects when one-half of the extract of a 24 hour urine is injected 
but some preparations are toxic in amounts twice as large as this. 

Table I shows the effectiveness with which gonadotropic ma- 
terial of urine of pregnancy is recovered from chilled boiled urine 
by this method. For the preparations in the first section of 
Table I two precipitations of benzoic acid were used. The pre- 
cipitated benzoic acid was not washed, nor were the extracts con- 
centrated by acetone precipitation. Amounts ranging from 3 to 
22 rat units were, in most instances, completely recovered. 

From the data presented in the second section of Table I it may 
be seen that one precipitation with benzoic acid completely re- 
moved the added active material. Further, washing the benzoic 
acid precipitate or concentrating the extract by acetone pre- 
cipitation or a combination of both caused little loss. Amounts 
ranging from 1.3 to 330 rat units were satisfactorily recovered by 
this procedure. The method is thus applicable to a wide range of 
concentrations but its reliability for the quantitative recovery of 
the large amounts of gonadotropic substance present in pregnancy 
urines was not investigated. 

We have also studied the effect of using urine and acetone at 
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room temperature, because the chilling of these materials may be 
an inconvenience if adequate refrigeration facilities are not avail- 


able. 


Benzoic Acid Adsorption. 


Taste I 


The data in the third section of Table I show that fairly 


Recovery of Gonadotropic Substance of Urine of 
Pregnancy Added to Boiled Urine 
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Quan- 
Volume | No. of | tity of Variations in A an 
ot baled |oxpeer | mater] quanti, | US reeovened pave 
add 
With 2 precipitations of benzoic acid 
ee. | = * rat units . § per cent 
500 2 3.2} >2.9 >2.9)>90 Benzoic acid precipi- 
500 5 4.4 2.2- 4.7 3.8) 86 tates not washed, 
500 5 6.6) >4.2- 8.3 6.4, 97 extracts not con- 
500 1 11.0} 14.7 130 centrated by ace- 
500 1 15.4) 13.3 80 tone precipitation 
500 1 22.0} 22.0 100 
With 1 precipitation of benzoic acid* 

500-750) 5 1.3) <1 ->1.1 1.1) 85 

500-750) 4 3.2} >2.6->3.3 | >2.9|/>90 

500-750} 4 4.8) >4.2->4.8 | >4.6)>96 
1000 1 80.0) >66 >82 
1000 1 165.0} 110 -165 70-100 
1000 1 333.0} 220 -330 66-100 

With unchilled urine and acetone (1 precipitation) 

750 8 3.3 2.0- 3.0 2.4) 76 Urine _ not chilled 
500 7 3.3 2.0- 4.2 3.1) 94 Acetone “ ° 




















* The following data were also obtained on the sixteen preparations, 
in the second section of the table, as follows: 
2, not washed or concentrated. Average recovery 100 per cent 
, washed and concentrated. Average recovery 90 per cent 
, not washed but concentrated. Average recovery 84 per cent 
, “ concentrated but washed. ” ™ oe 


on wo 


good and uniform recoveries result even under these conditions. 
However, we believe that the chilling is preferable whenever it is 
feasible to carry it out. 
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Since the gonadotropic substance of the hypophysis is believed 
to differ from that excreted during pregnancy and since it is 
presumed that the material excreted in conditions unassociated 
with pregnancy is of hypophyseal origin, it was deemed advisable 
to attempt to recover the active substance of gland extracts after 
it had been added to boiled urine. As can be seen from Table II 
this material is recovered by the benzoic acid method just as 
effectively as is the substance from urine of pregnancy. Un- 
fortunately in those cases where a recovery >70 per cent is 


TABLE II 


Benzoic Acid Process. Recovery of Anterior Pituitary Gland Gonadotropic 
Material Added to Boiled Urine 








Volume of Quantity of Quantity of material No. of precipi-/ Bensoic acid 
boiled urine | material added recovered —— with P a tate 
cc. rat unite rat units | per cent 
500 25 18.7 | 90 2 - 
500 16.6 22.0 | 130 2 _ 
500 3.3 >2.2 | >70 1 - 
500 3.3 >3.3 | >100 1 - 
500 6.6 >4.2 >70 1 - 
500 6.6 >4.4 | >70 1 - 
750 3.3 =e -} 80 1 + 
750 3.3 3.3 | 100 1 + 
600 2.8 >2.4 | >86 1 - 
600 5.6 3.5 | 60 1 - 
600 3.4* 3.0 88 1 - 
600 8.5* >8.5 > 100 1 _ 

















* Gonadotropic substance from the urine of ovariectomized women. 


recorded the extracts were used up before the assays were fully 
completed. We feel that the recovery in these instances was 
actually better than is indicated in Table II. In the two experi- 
ments performed (Table II) we have also been able to recover 
quantitatively from boiled urine added known amounts of the 
gonadotropic substance obtained from the urine of castrated 
women. 

The determination of the gonadotropic substances of urine is 
beset with some difficulties that may not be apparent to the casual 
reader. Zondek and Aschheim (19) and Zondek (20) have re- 
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ported the existence of separate follicle-stimulating and luteinizing 
substances in urine and Fevold, Hisaw, and Leonard (21) and 
Wallen-Lawrence (22) have separated extracts of the anterior 
lobe into two fractions, one of which produces follicular growth 
and the other luteinization. The urine of ovariectomized women 
and women past the menopause, according to the studies of 
Zondek (23), Leonard (24), Riley, Brickner, and Kurzrok (25), 
and Hamburger (26) contains chiefly the follicle-stimulating factor. 
Recently, Leonard and Smith (18) have shown that extracts 
obtained from urines after menopause produce a response in hypo- 
physectomized females which differs from the reaction produced 
by extracts of urine of pregnancy. It seems then that at least 
two gonadotropic substances exist. 

Upon the basis of the production of vaginal canalization and 
estrus our experiments show rather definitely that the benzoic 
acid procedure will determine quantitatively the estrus-stimulat- 
ing substance of urine of pregnancy, castrated women, or during 
the menopause. With both the luteinizing and follicle-stimu- 
lating substances present in an unknown proportion, as in extracts 
of the anterior lobe, the recovery is also approximately quantita- 
tive. This may be fortuitous or it may be due to the procedure 
used for assay. Our data show that we can recover quantitatively 
the potency of extracts which are primarily luteinizing or follicle- 
stimulating when these extracts are assayed by their capacity to 
induce estrus in immature rats. Since we do not use changes in 
the weights of the ovaries as the criterion of activity but instead the 
production of estrus, our data for normal urines possibly represent 
the lump sum of all gonadotropic substances present. As methods 
improve it will be interesting to determine the proportions of 
follicle-stimulating and luteinizing material in normal urine. 

Fevold, Hisaw, Hellbaum, and Hertz (27) have reported that 
benzoic acid precipitates most of the luteinizing factor and little 
of the follicle-stimulating factor from sheep pituitary extracts. 
In our recovery experiments we have not observed such fractiona- 
tion. The response to the gonadotropic material from each source 
was apparently unaltered by being subjected to the recovery 
process. The gland extracts after being recovered still produced 
the typical large ovaries, loaded with corpora lutea and follicles, 
while the ovaries of the animals treated with the recovered material 
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from urine of pregnancy were small in spite of the presence of 
lutein bodies. Further, the follicle-stimulating substance of the 
urine of ovariectomized women was completely recovered by this 
procedure. 























TABLE III 
Gonadotropic Material in Normal Urine 
Tungstic acid method Benzoic acid method 
No. of : No. of ; 
No. of rine Excretion per 24 hrs. Ltd aie noe 
Adult males 8 6 |<4 ->19 m.u. 9 10 | <1->2r.u. 
7 1<8 - JF. vm. 
Girls before 3 3 1<2.& <3.7 “* 
puberty 
Boys before 6 8 |<2.7- <4.2m.u.*} 4 4 | <lr.u. 
puberty 6 |<2.3- <3.2 r.u.* 
Boys after 1 1 7 r.u. 
puberty 
Girls after 1 1 S.* 
puberty 
Menopause 9 6 9 - 26 m.u. 
3 5.4- >5.4r.u. 
36 liters urine; 3-4 r.u. per liter 
Adult females} AD 76. |<3.2- 14m.u. AD 72 <l- 6 rw. 
CD §1 1<3.3 10 “* LK 33 <l- 2.3% 
GD 23 |<3 ->10 “ W 13 <3->7 m.u. 
AJ 25 |<3.2->16 “ 
A 13 |<3 ->20 
B 19 |<2.2->31 “ 
W 40 |<2.9->14 “ 























M.u. = mouse units; r.u. = rat units. 
* No positive reactions were obtained with these urines. 


Excretion of Gonadotropic Substance in 24 Hour Urines—Pre- 
liminary data on the normal daily excretion of gonadotropic 
material are presented in Table III. Preparations obtained by the 
tungstic acid method were for the most part assayed on immature 
mice, while the benzoic acid extracts were tested on immature 
rats. These data agree with our earlier findings (14) that the 
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mouse is more sensitive with respect to the production of cornified 
cells in the vaginal smears than the rat to the extent that 1 rat 
unit is equal to 3 to 4 mouse units. 

Although we have not been able to demonstrate the presence of 
this factor in all specimens of urine from normal men, amounts as 
large as 19 mouse units have been found in some samples. 
Schércher (13) and Ehrdhard and Ruhl (28) were unable to find 
prolan in the urine of children and young people between the 
ages of 7 days and 20 years while Neumann and Peter (29) re- 
ported that it occurred quite constantly in infants from 1 to 11 
days of age but only occasionally in older children. Saethre (12) 
found in some cases that girls excreted as much as 55 mouse units 
per liter. Our own data indicate that between the ages of 4 years 
and puberty little or none of the gonadotropic substance is found 
in the urine, but that at puberty an increased excretion occurs. 

The presence of this material in the urine of menstruating women 
is also disputed. Zondek (30) working with mixed samples 
found that a maximum excretion is reached just before and a fall 
occurs immediately after menstruation. Kaufmann and Miihl- 
bock? have also reported that the urine of women with normal 
menses contains a gonadotropic substance. However, Osterreicher 
(10) found this to be true only in a few cases, while Kurzrok (4) 
could not find it at all. Frank, Goldberger, and Spielman (31) 
and Frank (32) have shown that the greatest concentration in the 
blood occurs in the early part of the cycle. Our own results 
usually show a maximum excretion occurring about the time of 
ovulation and sometimes also during menstruation. Between 
these maxima the values fall to 3 mouse units or 1 rat unit or less. 

In agreement with Zondek. (33), Jeffcoate (34), Winter (35), 
Osterreicher (36), Hamburger (11), and Saethre (12) we have found 
an increased excretion after the menopause. However, our values 
are lower than those reported by some of the other investigators. 
In the urine of ovariectomized women we have found larger quan- 
tities of a gonadotropic substance than are found in the urine of 
normally menstruating women. The excretion here seems to be 
quite variable, in some cases reaching a level of 300 mouse units 
or 75 rat units per 24 hour period. 


* Kaufman, C., and Miihlbock, O., Klin. Woch., 12, 1480 (1933). 
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DISCUSSION 


Although considerable work has been done on the determination 
of the excretion of gonadotropic substances in conditions un- 
associated with pregnancy, it is surprising that no one has investi- 
gated the reliability of the methods employed for this purpose. 
It is obvious that such a determination is necessary before one can 
rely on the data obtained on the normal excretion and the varia- 
tions which occur in pathological disturbances in which the excre- 
tion of such material is affected. 

We believe that the recovery of measured amounts of gonado- 
tropic material added to boiled urine constitutes a satisfactory 
measure of such reliability. Extracts by the benzoic acid method 
have been prepared from boiled urine to which no gonadotropie 
material had been added to ascertain whether additional ovary- 
stimulating activity was imparted to the extracts obtained in our 
recovery experiments. Contrary to the results reported by 
Gostimirovic (37), such extracts had very little effect either on the 
ovaries or uterus. There was, perhaps, a slight increase in the 
weight of the ovaries but in no instance was opening of the 
vagina or estrus produced. Further, extracts of the urine of 
normal and ovariectomized women and of women in the meno- 
pause lost their activity on boiling, indicating that estrogenic 
material was absent. 

It would appear, therefore, that we have at hand a method 
which is adequate for measuring small as well as fairly large quan- 
tities of gonadotropic material. Since this method is equally 
efficient in recovering from boiled urine the added estrus-stimulat- 
ing substance of anterior lobe extracts or of the urines of pregnant 
or ovariectomized women, it should be applicable to the study 
of the normal excretion of ovary-stimulating substances. Our 
investigation of this phase of the problem is rather inadequate 
because of the limited number of subjects studied. However, the 
results are fairly consistent and indicate that rather definite limits 
can be established for the variations of the normal excretion. 
We have not attempted the study of the excretion of gonadotropic 
material in various gynecological conditions and in other dis- 
turbances related to abnormal hypophyseal activity, but it would 
seem that the possibilities are quite alluring. 

Leonard and Smith (18) have recently reported that extracts of 
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the urine of women after the menopause produce ovarian changes 
in the hypophysectomized rat quite different from those resulting 
from extracts of the urine of pregnant women. Our own ob- 
servations on immature rats not hypophysectomized indicate 
that the ovarian changes produced by extracts of gland, urine of 
pregnancy, and after the menopause differ. While that amount of 
material from urines of women after the menopause or of ovariec- 
tomized women which is just sufficient to induce opening of the 
vagina and estrus (i.e. 1 rat unit) produces an appreciable follicle 
stimulation and enlargement of the ovaries, a corresponding 
quantity of an extract of fresh anterior lobes elicits these phe- 
nomena to a much greater degree. 1 rat unit of the former pro- 
duces an average ovarian enlargement of about 5 mg., whereas 
the same amount of the latter induces an increase of 20 to 30 mg. 
Further, increasing the dosage of the urinary products to as much 
as 10 rat units yields only an additional increase in ovarian weight 
of 5to 10 mg. It would thus appear that the quality responsible 
for the growth of the ovaries which is abundantly present in the 
gland extracts is strikingly absent in the preparations made from 
urines of women past the menopause and ovariectomized women. 
In this respect these extracts resemble the gonadotropic material 
of urine of pregnancy. On the other hand, enormous follicles are 
often produced but corpora lutea and blood spots are usually 
absent. It is possible that we are dealing largely with the follicle- 
stimulating principle and that only occasionally the luteinizing 
factor is present. 

In many instances, the extracts obtained from the urine of 
normal adult women had little effect upon the weight of the ovaries 
of the test animals. When injected in quantities sufficient to 
induce opening of the vagina and estrus, the weight of the ovaries 
was not appreciably greater than that of the control rats. Yet 
smaller amounts of the same extracts produced an appreciable 
enlargement, even though estrus did not occur. Furthermore, 
the injection of an extract of an entire 24 hour urine sample 
occasionally failed to induce either vaginal opening or estrus yet 
was effective in enlarging the ovaries. Since we are certain that 
estrogenic material (with respect to the castrate rodent) was not 
present in these extracts, these unexpected findings cannot be 
attributed to this factor. These confusing results indicate that 
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a more extensive study should be made of the gonadotropic sub- 
stance of normal urine. 


SUMMARY 


1. Two methods for the quantitative estimation of small 
amounts of gonadotropic substance from either urine of pregnancy 
or gland extracts are described. One is based on tungstic acid 
precipitation and removal of the tungstate by means of barium or 
brucine, the other on benzoic acid adsorption. The efficiency of 
the methods was tested by recovery experiments in which known 
small amounts of gonadotropic material were added to boiled 
urine. 

2. Preliminary data are presented on the daily excretion of 
gonadotropic material by adult men, and women, menstruating, 
and after the menopause, and prepuberal girls and boys. 

3. The extracts of urine of women during menopause and cas- 
trates appear to produce a response in the immature rat somewhat 
different from the response to extracts of urine of pregnancy or 
of anterior lobes. 


We wish to express our appreciation to Miss Corinne Dewes 
for her efficient assistance with the assays. 
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The synthesis of a simple peptide in which the carboxyl group 
of cystine is bound in the peptide linkage has not yet been re- 
ported. Hopkins (1) has obtained the diketopiperazine of cystine 
and glycine by boiling glutathione with water. Kendall, Mason, 
and McKenzie (2) have obtained glutamic acid and a dipeptide 
of cystine and glycine by the hydrolysis of glutathione in water at 
62°. The peptide was not isolated but was identified as the trini- 
trotoluene salt. Bergmann and Zervas (3) have prepared the 
ethyl ester of dicarbobenzoxycystinyldiglycine. 

Compounds of this type possess properties which would be of 
considerable interest. ‘They would offer an excellent opportunity 
for a study of their fate in the animal organism and for comparison 
with the fate of related cystine derivatives already known. Like- 
wise an enzymatic study would be of interest. It should also be 
possible to apply this method to the synthesis of glutathione, and 
such work is at present being carried out. 

In the present paper a modification of the method of Bergmann 
and Zervas (3) has been successfully applied to the synthesis of two 
cystinyl peptides, cystinyldiglycine and cystinyldialanine. A study 
of the biological behavior of these two peptides will be reported 
in a later paper. 

EXPERIMENTAL 

Dicarbobenzoxycystinyl Dichloride—10 gm. of the finely pulverized 
dicarbobenzoxycystine prepared according to the method of Berg- 
mann and Zervas (3) were suspended in 60 cc. of anhydrous ether 
in a 125 ec. Erlenmeyer flask and cooled in an ice-salt bath. To 
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this were added at once 8.2 gm. of finely powered phosphorus pen- 
tachloride. This was then shaken vigorously. After several 
minutes of shaking solution was complete. The cooling and shak- 
ing were continued for 15 minutes, during which time the acid 
chloride separated out as beautiful needles. 10 to 15 ce. of dry 
ether were added and the whole was filtered. The precipitate was 
then washed with a small quantity of ether. The yield was quan- 
titative. Since the acid chloride decomposed in the presence of 
moisture and air, it was prepared only as it was needed. The last 
traces of ether were not removed until the acid chloride was actu- 
ally used. This was done by placing small quantities on a porous 
plate and allowing the ether to evaporate spontaneously. 

Dicarbobenzorycystinyldiglycine—3.5 gm. of glycine were dis- 
solved in 30 cc. of N sodium hydroxide and cooled in an ice bath. 
To this was gradually added with shaking, the acid chloride ob- 
tained from 10 gm. of dicarbobenzoxycystine. If, after each addi- 
tion of the acid chloride, the acid chloride failed to dissolve, more 
N sodium hydroxide was added (about 10 cc. portions). After all 
the acid chloride was added, the solution was allowed to stand in 
the ice bath for lhour. It was then acidified with 5 n hydrochloric 
acid from which the product precipitated out. This was filtered 
off and recrystallized from dilute alcohol. It had a melting point 
of 161-163°. The yield was 10 gm. (87.5 per cent of the theoret- 
ical amount). 


Analysis—0.2257 gm. substance: 14.3 cc. 0.1 N HCl (Kjeldahl) 


0.2220 “ ” : 0.1640 gm. BaSO, 
CosH 300i 0N Se. Calculated. N 9.00, S 10.29 
Found. ** 8.87, “10.14 


Cystinyldiglycine—2 gm. of dicarbobenzoxycystinyldiglycine 
were suspended in 20 ec. of concentrated hydrochloric acid in a 100 
ec. Erlenmeyer flask. This was heated on a water bath. The tem- 
perature of the water bath was not allowed to go above 70°. As 
the temperature gradually rose, the material went into solution with 
the evolution of carbon dioxide and the formation of an oil on the 
surface. This oil imparted a turbid appearance to the mixture but 
in about 30 minutes the solid material was completely dissolved. 
The mixture was diluted to 150 cc. with water and the oil was 
removed by extraction with ether. The aqueous layer was then 
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slowly added with shaking to a solution of 5 gm. of phosphotung- 
stic acid dissolved in a minimum amount of water. This mixture 
was cooled in an ice bath for 1 hour and the precipitate filtered off. 
The precipitate was suspended in 100 cc. of water, 1 cc. of concen- 
trated hydrochloric acid was added, and the whole was extracted 
with two 50 ce. portions of a 1:1 ether-amyl alcohol mixture. The 
aqueous layer was separated and treated with an excess of magne- 
sium oxide and thoroughly shaken. This mixture was filtered and 
the filtrate was concentrated under reduced pressure until crystals 
began toform. The residue was dissolved in a small quantity of 
water (5 to 10 cc.) and filtered into 400 cc. of ethyl alcohol. The 
precipitate which formed was filtered off and rubbed with alcohol 
until there was no further evidence of chlorides. The yield was 
0.6 gm. (53 per cent of the theoretical amount). The hydrochloric 
acid could also be removed by treatment with silver oxide and sul- 
furic acid and subsequent removal of the silver ion with hydrogen 
sulfide followed by the removal of the sulfate ion with barium 
hydroxide. This latter method was more troublesome. Attempts 
to remove the carbobenzoxy group by catalytic reduction with 
hydrogen and platinum or palladium black as a catalyst were 
unsuccessful. 


Analysis—0.1450 gm. substance: 16.3 cc. 0.1 n HCl (Kjeldahl) 


0.2018 “ “ : 0.2675 gm. BaSO, 
CioHisOsN.S:. Calculated. N 15.81, 8 18.07 
Found. ** 15.80, “ 18.16 


Estimation of NH:-N (4) 
Calculated. 0.2070 gm. required 11.69 cc. 0.1 n HCl 
Found. 0.2070 “ mw na " Gi 
Estimation of COOH and Other Acidic Groups 
Calculated. 0.2070 gm. required 11.69 cc. 0.1 Nn NaOH 
Found. 0.2070 “ ‘7 nae a2* = 


Dicarbobenzorycystinyldialanine—The same method used for the 
preparation of dicarbobenzoxycystinyldiglycine was employed 
here. The reaction of dicarbobenzoxycystinyl dichloride with 
alanine was carried out under the same conditions. The product 
was difficult to crystallize, so it was used for the following reaction 
in the crude form. 

Cystinyldialanine—The hydrolysis was carried out in concen- 
trated hydrochloric acid as described for cystinyldiglycine. The 
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temperature in this case, however, was allowed to rise to 85°. 
The yield was 0.65 gm. (53 per cent of the theoretical amount). 


Analysis—0.1004 gm. substance: 10.5 ec. 0.1 Nn HCl (Kjeldahl) 
0.1146 “ " : 0.1375 BaSO, 
Ci2H2206N 82. Calculated. N 14.66, S 16.7 
Found. * 14.59, ‘16.5 
Estimation of NH.-N 
Calculated. 0.1085 gm. required 5.67 cc. 0.1 Nn HCl I 
Found. 0.1085 “ - we ae 
Estimation of COOH and Other Acidic Groups 
Calculated. 0.1085 gm. required 5.67 cc. 0.1 Nn NaOH 
Found. 0.1085 “ ‘ Fi Be 


Sullivan (5) has stated that his colorimetric reaction for cystine 
is specific with the exception of methyleystine. Both cystinyldi- 





glycine and cystinyldialanine responded to this color reaction, a 
The equivalent of 1 mg. of cystine as the peptide gave a far more p 
intense color than did 1 mg. of cystine. This color was not the p 
characteristic one obtained with cystine but was magenta in ap- a 
pearance. Hence it would seem impossible to determine cystine t! 
in the presence of either of these derivatives. in 
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The chemical composition and nutritional value of human milk 
are generally appraised in terms of the percentage of fat, lactose, 
proteins, and ash constituents. The non-protein nitrogen com- 
pounds, however, which are included in the figures for protein 
and often disregarded, may have important significance both in 
the physiology of milk secretion (1) and in the nourishment of the 
infant (2) even though they are present in little more than traces. 
Recent work has indicated that some of these relatively minute 
components may reflect more specifically than the gross com- 
position certain dietary changes (3) and pathological conditions 
of the mammary gland itself (4). 

There appear to be two possible sources of the non-protein 
nitrogen constituents in the milk. They may be derived from the 
synthetic or even catabolic metabolism of nitrogenous compounds 
in the milk or in the gland itself. This source is suggested by 
certain observations of abnormalities in the non-protein nitrogen 
fraction of milk contaminated with bacilli (4-6) and of milk 
produced during the existence of pathological conditions in the 
mammary gland (7-9). On the other hand, the non-protein 
nitrogen constituents may filter from the blood directly into the 
milk as indicated by observations which show that they normally 
occur in approximately the same concentration in milk as in blood 
(10-17). Even though the individual non-protein nitrogen con- 
stituents may originate directly from the blood, it is possible that 
they may either maintain equilibrium with the corresponding 
composition of the blood or may vary in concentration depending 
145 
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upon the rapidity and the extent of their utilization in the syn- 
thesis of milk proteins and other nitrogenous compounds. 

More information upon the concentration of this heretofore 
neglected fraction, the non-protein nitrogen, in milk secreted under 
normal and abnormal conditions, may give enlightenment upon 
the source of the constituents of this fraction and even upon the 
physiology of milk secretion. For instance, if the non-protein 
nitrogen constituents were normally of metabolic origin in the 
gland, one might expect considerable fluctuation in their concen- 
tration at different times, subject to local conditions of the gland, 
the stage of protein synthesis at the time the milk is removed, and 
the activity or work of the gland as approximated by the milk 
volume. 

Accordingly, the magnitude of variation of certain non-protein 
nitrogen constituents in milk has been observed in the first and 
last halves of the nursing period, at different times of the day and 
night, during several successive days, and at intervals throughout 
lactation. In addition, the non-protein nitrogen partition, in- 
cluding the total non-protein nitrogen, urea, amino acids, uric 
acid, creatine, and creatinine of milk during the initial days of 
lactation and in an instance of high fever of a subject in early 
lactation has been studied in considerable detail. 


Procedure 


Information concerning the organization and plan of the studies 
has been reported previously: a discussion of the subjects, of the 
method of completely removing the milk from the breasts, and of 
dividing the milk from both breasts at a nursing period into 
samples representative of the complete first and last halves of 
nursing (18); a statement of the method of removing the milk 
almost simultaneously from the two breasts (19); an outline of 
the methods of collecting and analyzing the milk at every 4 hour 
interval throughout the day and night (20); and an account of the 
plan of the successive day study periods including daily analyses 
based on composite 24 hour samples of milk removed from both 
glands at every 4 hour interval during the day and night (21). 


Methods of Analysis 


The methods developed by Denis (10, 11) for analysis of the 
non-protein nitrogen constituents of milk were used for all of the 
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studies except those on the milk during the initial days of Lactation 
C and during a fever of Subject 7. For these a recently developed 
modified procedure of the tungstic acid removal of proteins (22) 
and the Van Slyke gasometric methods for total non-protein 
nitrogen (23), urea (24), and amino acids (25) were used. 
Non-Protein Nitrogen Constituents of Milk during Initial Days 
of Lactation—Pronounced abnormalities and fluctuations in the 
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Cuart I. Non-protein nitrogen partition of human milk in the initial 
days of Lactation C and during a fever of Subject 7. 


composition of milk during the initial days of lactation have been 
observed (26-29). The anomalous composition has been attrib- 
uted both to intrinsic causes of teleological significance to the 
new-born and to physiological influences; 7.e., a flushing out of 
accumulated milk constituents in the adjustment of the congested 
gland to the processes of a regulated milk flow (30). That the 
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mammary gland does synthesize and store milk components long 
before lactation begins has been shown by the presence of casein 
in the gland as early as the 24th week of pregnancy (31). There 
has been variance of opinion regarding the length of time before 
the gland does secrete a milk of normal composition (27, 32). 
However, periods in early lactation have been classified as follows 
(27): colostral stage (1 to 12 days), during which the milk remains 
appreciably abnormal; transitional stage (13 to 30 days), during 
which the milk gradually approaches that of normal composition; 
mature (1 to 9 months), throughout which an average normal 
composition is maintained. The length of time required for the 
establishment of a regulated milk flow appears to differ among 
lactating women.! 

Since the non-protein nitrogen has been found to be affected by 
pathological disturbances of the mammary gland itself (7-9), 
a study of this fraction in early lactation, when the gland is chang- 
ing from a quiescent to an actively secretory organ, is of phys- 
iological significance. The non-protein nitrogen partition of 
colostrum is strikingly irregular and abnormal with an elevated 
total non-protein nitrogen, uric acid, creatine, and creatinine as 
shown by data (in Chart I) on Subject 7 for the first 11 days of 
Lactation C and at frequent intervals thereafter until the 8th week 
post partum. The averages (in mg. per 100 cc.) of the non- 
protein nitrogen constituents in the milk for the first 12 days of 
lactation and in the preceding mature Lactation B (3 to 7 months) 
on the same subject are respectively: total non-protein nitrogen 
52.9 and 38.8; urea nitrogen 11.2 and 15.1; uric acid 4.1 and 1.9; 
amino acid nitrogen 6.6 and 6.2; creatine 7.1 and 1.0; creatinine 
2.2 and 1.1. The total non-protein nitrogen, uric acid, creatine, 
and creatinine were still somewhat augmented during the transi- 
tional period as shown by average values (mg. per 100 cc.) of 42.7, 
3.0, 4.2, and 1.8 respectively. In fact, some of the constituents 
even at the 7th week of lactation had not assumed the normal 
concentration of the preceding mature lactation. The unusually 
high total non-protein nitrogen of colostrum is in accord with 


1A comprehensive report of the factors influencing human milk pro- 
duction as based upon extensive observations and the secretion of human 
milk is given in Macy, I. G., Hunscher, H. A., Donelson, E., and Nims, B., 
Am. J. Dis, Child., 39, 1186 (1930). 
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experiments which have been made on animals (10), while on the 
contrary, augmented urea and amino acids, which have been 
reported to be characteristic of colostral milk (10, 33), were not 
observed. 

Milk which has been allowed to remain in the udder for a few 
days before removal (34, 35), and milk from infected mammary 
glands have been noted to resume the characteristics of colostral 
milk, particularly in the non-protein nitrogen partition (7-9). 
Such a resemblance suggests that the abnormal non-protein 
nitrogen characteristics of colostrum likewise may be due to 
local conditions of the gland itself. On the other hand observa- 
tions of similar alterations in the non-protein nitrogen partition 
of milk secreted during body fever suggest that certain factors, 
other than the gland, may contribute to the unusual non-protein 
nitrogen of colostrum. 

Within 24 hours after an elevated temperature of this woman, 
her milk changed exceedingly with an augmented non-protein 
nitrogen, creatine, and creatinine, in which respect it resembled 
colostrum; other abnormalities were exhibited such as a high 
amino acid and urea nitrogen, with values increased nearly 100 
per cent above those of the preceding day (Chart I). The values 
(mg. per 100 cc.) of the constituents in the milk on the Ist day of 
fever in comparison with those of the preceding day were increased 
as follows: total non-protein nitrogen 34.4 to 56.9; urea nitrogen 
11.3 to 18.7; amino acid nitrogen 5.1 to 13.6; uric acid 2.0 to 2.4; 
creatine 3.6 to 6.1; and creatinine 1.5 to 1.9. Of the 21.4 mg. of 
undetermined non-protein nitrogen, 12.4 mg. were found to be 
in the form of bound amino acid nitrogen. 

Such anomalies in the non-protein nitrogen constituents of milk 
secreted during fever suggest that they may be related to con- 
comitant changes in the blood which are associated with general 
bodily disturbances. Febrile conditions have been noted to be 
accompanied by a high blood non-protein nitrogen and by other 
abnormal changes which are a clinical index of accelerated bodily 
protein catabolism (36). The similarities in the non-protein 
nitrogen fraction of colostrum and of milk secreted during fever 
(see Chart I) stimulate a more thorough investigation of the sin- 
gular composition of colostrum in relation to unusual conditions 
of the blood accompanying parturition. The blood at parturition 
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and during the puerperium has been shown to be abnormal with a 
high total non-protein nitrogen (37, 38), urea (37-39), uric acid 
(37, 40, 41), and creatine (42, 43); these are irregularities indicative 
of bodily protein catabolism, which are presumably associated 
with the involution of the uterus. It appears then that in addi- 
tion to alterations imposed by the transition of the mammary 
gland to an actively secretory organ, the anomalous composition 
of colostral milk may be, in part, a reflection of an abnormal blood 














TaBLeE I 
Non-Protein Nitrogen Constituents in Blood* and Milkt (Mg. per 100 Cc.) 
Sub- | Lacta- agate Urea N Amine acid Uric acid 
ject tion Stage of lactation 
No. | period 
Blood} Milk | Blood} Milk | Blood| Milk | Blood} Milk 
6 A | Colostrum 32.7) 53.3] 13.3] 11.1) 7.4) 4.2 
Transition 33.8) 47.2) 11.3 6.3) 4.6 
Early mature | 37.0) 41.0) 11.4 6.4 
7 A | Colostrum 40.0} 42.5) 11.6 12.7] 4.7 
Transition 51.3) 37.5] 26.7 6.4) 5.2 
Early mature | 36.4) 28.0) 18.9 4.3 
C | Colostrum 52.9) 51.7) 24.5) 11.1 6.1 | 4.9 | 2.8 
6 B 6th mo. 35.0) 30.3) 17.3) 16.7) 5.6) 6.3 | 3.2 | 1.8 
9th “ 30.9) 25.6) 15.0) 16.2) 5.7) 6.6 | 2.9 | 2.0 
14th ‘ 28.4) 30.5) 13.2) 17.8} 6.2] 6.1 | 3.2 | 2.9 
7 B 6th “ 32.9) 30.6] 15.8) 15.5) 7.8) 5.4] 3.5] 2.1 
8th ‘ 30.3) 27.3) 17.3) 16.0) 8.0] 7.2 | 3.2] 1.5 
8 B 6th ‘ 53.3) 59.2) 25.5) 17.4) 8.4) 7.7 | 4.9 | 2.0 
10th “ 53.8) 30.2) 26.2) 20.4) 5.5) 5.8 | 3.9 | 2.3 
14th ‘“ 63.8 21.2) 15.9) 12.7) 4.8 | 4.1 | 2.8 



































* Fasting sample. 
t Composite 24 hour samples. 


picture which in turn is associated with the nitrogen metabolism of 
the puerperium. These indications, supported by data (Table I) 
which generally show a close correspondence between the com- 
position of the blood and milk in early and late lactation, furnish 
evidence that the non-protein nitrogen constituents in the milk 
may normally originate directly from the blood. 

Milk Representative of First and Last Halves of Nursing Period— 
The numerous studies upon cows, concerning the actual time of 
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milk synthesis in relation to the removal of milk from the udder, 
have been reviewed previously (18). In general they indicated 
that milk formation is most rapid immediately after milking and 
proceeds at a diminishing rate as the milk accumulates in the 
gland. If there is an accelerated synthesis of protein after a 
portion of the accumulated milk has been removed from the 
breasts, as has been indicated by previous observations (18), the 
influence on the concentration of the free and bound amino acids 
in the milk is of physiological significance. 

These studies included observations on the milk of three women 
at different stages in lactation. From sixteen comparisons of the 
total non-protein and amino acid nitrogen in the milk representa- 
tive of the first and last halves of nursing, we have found differences 
in total non-protein nitrogen from 0 to 9 mg. per 100 cc., values 
being higher in the last half in some cases and lower in the last 
half in others. However, an average of these figures gives a mean 
of 0.6 mg. or 2 per cent less total non-protein nitrogen and 0.2 
mg. or 4 per cent less amino acid nitrogen per 100 cc. of milk in 
the last half of the nursing period. The slightly diminished non- 
protein nitrogen of 0.6 mg. per 100 cc. does not account for the 
increased protein corresponding to a rise in total nitrogen of 5 mg. 
per 100 ce. in the last half of the nursing period (18). The results 
indicate that the amino acids may be replaced almost imme- 
diately by others from the blood, or that there may be a progres- 
sively rapid release of previously synthesized protein with the 
progression of nursing. 

Comparison of Milk from Right and Left Breasts—Composite 
24 hour collections of milk from the right and left breasts were 
analyzed separately. The total non-protein nitrogen (mg. per 
100 ec.) differed only slightly in the milk from the two breasts: 
left, 34.8, right 33.7; and left 31.2, right 29.9 of two women re- 
spectively; an average difference of 1.2 mg. or 3 per cent. The 
amino acid nitrogen (mg. per 100 cc.) likewise differed very little 
in the milk from the two glands: left 3.6, right 3.7; and left 4.7, 
right 5.0; an average difference of 0.2 mg. or 4 percent. Although 
the two breasts differed in volume output of milk, very little 
difference was found in the two nitrogen fractions. The data, 
although few, indicate that the non-protein nitrogen in the milk 
may be determined normally by the amount in the blood rather 
than by local conditions and activity of the mammary gland. 
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The results agree with similar studies reported from this lab- 
oratory (19), which have shown that under carefully controlled 
conditions of milk removal and analysis, the two mammary glands 
of a woman secreted milk uniform in the percentage composition 
of fat, protein, lactose, total ash, calcium, and phosphorus. Such 
similarity of percentage composition was observed even though 
the two glands differed in volume of milk produced, thus differing 
in gland capacity and activity. These results, with the additional 


TaBLe II 


Diurnal Variation of Total Non-Protein Nitrogen and Amino Acid Nitrogen* 
(Mg. per 100 Cc.) 
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* Analyses made at 6 a.m., 10 a.m., 2 p.m., 6 p.m., 10 p.m., and 2 a.m. 


data indicating similarity in the percentage of non-protein and 
amino acid nitrogen in the milk from the two breasts, give evi- 
dence against theories of derivation of milk constituents from 
degeneration of cells in the mammary gland (19). 

Diurnal Variation in Total Non-Protein Nitrogen and Amino 
Acid Nitrogen—The studies included analyses of total non-protein 
nitrogen and amino acid nitrogen at every 4 hour interval through- 
out the day and night during 6 days. The maximal and mini- 
mal values, the time at which they occurred, and the per 
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cent of difference between the maximum and minimum fot 
each day studied are givén in Table II. Maximal and minimal 
values of non-protein nitrogen during the day differed by 3.4 to 


Taste IIT 


Day to Day and Month to Month Variations in Non-Protein Nitrogen 
Constituents* (Mg. per 100 Cc.) 
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Non-protein N Urea N Amino acid N Uric acid 
a : se Ss Sg Ss 
21 2 [S)slaleele|sleele}eleel | alee 
3 > 3s|/ 2] 8/)88| 8) 8/88) 8)8/88) &) 8) ee 
2 3 1s]3/8is3|3/8is3|2]8/53121/2/.3 
D DQ Zl = 1m = = im = | 1m oe er” 
Day to day variations 
6 I 10 |37.2/29.3) 27 5.6) 4.2) 33 
7 I 10 |37.0)/24.7|; 50 5.7] 3.6) 58 
6 VIII | 5 |31.2/27.9) 12/18.9)16.4) 15 | 6.4] 5.7] 12) 1.9] 1.5] 27 
6 Ix 5 j27.9/25.6}  9/18.1/16.2) 12 | 6.7] 5.4] 24] 2.3] 1.8} 28 
6 xX 5 |35.0/30.5) 15/20.9)17.8) 17 |11.3] 6.1} 85) 3.2) 2.9) 10 
7 VIIT | 5 {31.6)/29.2) 8116.5)13.5) 22 | 7.9) 5.3) 49) 2.3) 1.8} 28 
Ix 5 |30.9/26.4) 17|19.2)15.9) 21 | 7.2] 5.4) 33] 1.8] 1.4) 29 
8 IV 5 [41.1/33.7| 22/21.7/17.4) 25 | 7.7] 4.0} 93] 2.3) 1.9) 21 
V 5 |33.7/29.0} 16/22.3/19.2) 16 | 7.0) 5.6] 25] 2.4) 2.0) 20 
Ds. cia iscianted. 18 46 23 
Month to month variations 
6 10 mos. /|41.2/17.3) 138 4.9) 3.6] 36 
7 mi * 42.4/23.6} 80 6.4) 3.6) 78 
6 ee... 60. 4/25.6} 136}/23.5]16.2) 45 | 7.0) 4.3) 63) 3.3) 1.5) 120 
7 Be 41.0)/23.8} 72|17.2|12.7] 35 |10.6) 4.7] 126) 2.1) 1.5) 40 
8 he 59. 5/27. 5) 116/22. 3/16.2) 38 | 7.5) 5.5) 36) 2.4] 1.3) 85 
Average: ..2..05..500085. 25 OE 39 68 82 



































* Composite 24 hour samples. 


11.6 mg. per 100 cc. with an average difference of 6.3 mg. or 23 
per cent. Maximal and minimal values of amino acid nitrogen 
differed by as much as 2.8 mg. per 100 cc. with an average differ- 
ence of 1.5 mg. or 44 per cent. The non-protein nitrogen and 
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amino acid nitrogen tended to be highest in the afternoon or 
evening and to be least concentrated in the morning milk. It is 
interesting to note that the trend of diurnal variation of these 
constituents is similar to that observed for total nitrogen (20). 

The observations are in accord with others from this laboratory, 
which have demonstrated that, independent of such factors as 
food, rest, activity, family surroundings, and stage of lactation, 
there are characteristic changes during the day in milk volume 
and in percentage composition of fat, total solids, total nitrogen, 
total ash, calcium, and phosphorus (20). The regularity of 
fluctuation of these milk constituents intimates some peculiarity 
of mammary gland physiology which causes a rhythmic diurnal 
variation of activity and synthesis of individual milk constituents. 
Recent evidence indicates that diurnal variations may occur 
not only in the percentage composition of individual blood con- 
stituents (44-47) but also in the chemical structure of blood 
proteins (48, 49). 

Variations in Non-Protein Nitrogen Constituents from Day to 
Day, from Month to Month, during Lactation, and Among In- 
dividual Women—Studies included analyses of composite 24 hour 
samples of milk for 5 to 10 consecutive days at different times in 
the lactation cycle, as well as composite 24 hour samples at 
monthly intervals on three women during two successive lactation 
periods (Table III). 

The amino acid nitrogen was most variable from day to day 
with an average of 46 per cent difference between high and low 
values; the urea and total non-protein nitrogen were somewhat 
less variable with an average per cent of difference of 18 and 19 
respectively. The diurnal fluctuations in total non-protein nitro- 
gen and amino acid nitrogen either exceeded or were of the same 
magnitude as those from day to day (Table IV). The fluctuations 
of total non-protein nitrogen, urea, amino acids, and uric acid 
from month to month greatly exceeded those variations among 
consecutive days, and at different times of the day. Both the 
monthly studies and consecutive day periods at different times in 
lactation indicated certain trends in the change of the non-protein 
fraction as lactation progressed; i.e., a diminution of total non- 
protein nitrogen and an increase of urea nitrogen. 

The components of the non-protein nitrogen fraction varied 
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more widely among the milks of different women? than they did 
in the milk of one woman throughout an entire lactation period 
(Table IV). Similar results have been observed in other con- 
stituents of milk, which, although varying from day to day and 
during lactation, fluctuate about a level characteristic to the in- 
dividual woman’s milk (21). It is likely that individuality in the 











TaBLe IV 
Magnitude of Variation of Non-Protein Nitrogen Constituents 
No. of : 
Study = pretein Urea — pe 
tions 
Average difference between maximum and 
minimum (mg. per 100 cc.) 
During single day................... 36 6.3 1.5 
From day to day.................... 55 5.5] 3.0) 2.2) 0.4 
** mo. to mo. during lactation....| 41 25.3} 5.9) 3.0) 1.2 
In milk of different women.......... 11 16.0} 10.0) 8.3) 4.5 
Average difference between 
Right and left breasts............... 4 1.2 0.2 
First ‘ last halves of nursing 
UTE knina sok oe vKness<0tkieuon 32 0.6 0.2 
Average per cent of difference between 
maximum and minimum 
During single day..........+........ 36 23 44 
POO Gt SON. i556. fA 55 19 18 46 23 
‘* mo. to mo. during lactation...| 41 | 108 39 68 82 
In milk of different women.......... ll 73 | 105 | 208 | 161 
Average per cent of difference between 
Right and left breasts.............. 4 3 4 
First ‘‘ last halves, of~ nursing 
DONE, A dees 5 bsUicviky «ies wileel 32 2 4 




















non-protein nitrogen fraction of milk may be related to similar 
individual characteristics in the blood composition (3). 


DISCUSSION 
The data reported herein indicate that under normal phys- 
iological conditions the non-protein nitrogen constituents seem to 


*The authors appreciate the helpful cooperation of Dr. Raymond 
Hoobler and Mrs. Pinkett for collecting and supplying 24 hour samples of 
milk from eleven women. 
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assume a concentration in the milk similar to that in which they 
occur in the blood. Even colostrum with its characteristically 
abnormal composition of non-protein nitrogen components seems 
to reflect corresponding abnormalities in the blood. Likewise, 
the abnormal milk secreted during fever appears to reproduce 
disturbances of the nitrogen partition of the blood. 

The theory of the origin of the non-protein nitrogen components 
directly from the blood is compatible with recent observations on 
physicochemical aspects of milk secretion (50). In view of the 
isotonicity of blood and milk it has been proposed that at no time 
during synthesis does the osmotic pressure of the fluid in the 
mammary gland rise above that of the blood. Hence, as osmoti- 
cally active amino acids are used in synthesis of osmotically 
inactive colloid milk protein, they are constantly replaced in order 
to maintain osmotic equilibrium with the blood. It is not known 
to what extent other non-protein nitrogen constituents of blood are 
used for synthesis of more complex nitrogenous substances in the 
milk. The large undetermined non-protein nitrogen fraction of 
milk offers a fertile field for investigation of the complex nitrogen- 
ous products such as simple peptides or bound amino acid com- 
pounds which are not of peptide nature. 

The evidence of the direct origin of non-protein nitrogen com- 
pounds in the milk from the blood under normal conditions does 
not vitiate indications that certain abnormal conditions involving 
infection of the mammary gland may bring about drastic altera- 
tions in the non-protein nitrogen partition of the milk. In fact, 
this evidence supports the suggestion that the non-protein nitrogen 
may serve as an index of abnormalities (22). If the milk ex- 
hibits anomalous non-protein nitrogen characteristics, particu- 
larly in established mature lactation, one may look for similar 
abnormalities in the blood, which are associated with bodily 
disturbances, for infections in the gland itself (7-9), or for bac- 
terial contamination of the milk (4-6). The average composition 
(mg. per 100 cc.) of the non-protein nitrogen partition of milk 
for three women in established lactation (3rd to 7th months) was 
found to be as follows: total non-protein nitrogen 37.7, urea 
nitrogen 17.9, amino acid nitrogen 6.3, and uric acid 2.1. 
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SUMMARY 


Observations have been made on the total non-protein nitrogen 
and amino acid nitrogen of human milk in the first and last halves 
of the nursing period, and at 4 hour intervals throughout the day 
and night. 

The non-protein nitrogen partition of the milk, including total 
non-protein nitrogen, urea, amino acids, uric acid, creatine, and 
creatinine, has been studied in human milk from day to day during 
several successive days, during the initial days of early lactation, 
at monthly intervals throughout mature lactation, and in an 
instance of a high fever of a subject in early lactation. 

The non-protein nitrogen partition of the milk in the initial 
days of lactation is strikingly irregular and abnormal with an 
elevated non-protein nitrogen, uric acid, creatine, and creatinine. 

The milk secreted during a fever exhibited similar striking 
abnormalities with an augmented total non-protein nitrogen 
creatine, creatinine, urea, and amino acid nitrogen. 

The total non-protein nitrogen and amino acid nitrogen were 
practically of the same concentration in the milk from the first 
and last halves of the nursing period, and in the milk from the 
right and left breasts. 

The total non-protein nitrogen and amino acid nitrogen varied 
appreciably throughout the day and night. A rhythmical diurnal 
fluctuation appeared to exist with maximal values in the afternoon 
or evening, and minimal values in the morning. The concentra- 
tion of the non-protein nitrogen constituents in the milk varied 
from day to day, more so throughout lactation, and most widely 
among different women. 

The data indicate that.under normal physiological conditions 
the concentration of non-protein nitrogen constituents in the milk 
is similar to that observed in the blood. Under abnormal con- 
ditions of bodily disturbances, drastic alterations may occur in the 
non-protein nitrogen partition of the milk, alterations which may 
serve clinically as an index of such bodily disturbances as reflected 
in the blood. 
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A REINVESTIGATION OF THE PHENOMENON OF A 
FIRST ACID CHANGE IN WHOLE BLOOD* 


By EDWIN P. LAUG 


(From the Department of Physiology, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Received for publication, May 19, 1934) 
INTRODUCTION 


Havard and Kerridge (1), while measuring the pH of whole 
blood at 38° with a modified bulb type glass electrode constructed 
of Woods’ glass, observed a marked acid change, amounting on the 
average to 0.05 pH unit, which set in within 2 to 6 minutes after 
the blood had been drawn and placed within the electrode. The 
phenomenon occurred only in the presence of the corpuscles and 
was absent in plasma or serum. It was markedly slowed at room 
temperature and completely stopped at 0°. The usual antiglyco- 
lytic agent, NaF, was ineffective in preventing this change even in 
concentrations as high as 0.06 per cent, although Evans (2) had 
observed that 0.05 per cent was usually able to prevent a re- 
duction in CO.-combining power of blood kept at 38° for periods 
up to 30 minutes after drawing. All of their observations, except 
the rather anomalous ones on NaF, indicated that the change 
might perhaps be nothing other than a reflection of glycolysis. 
One feels, however, that this interpretation was not considered 
very seriously by them since they somewhat emphasized a “first 
acid change” as something sudden and distinct and not associated 
with the acid change of Evans; their pH-time curves indicated a 
well defined pH plateau lasting several minutes, and occurring 
between the two changes. Furthermore, a number of preliminary 
observations on lactic acid, while not entirely definite, failed to 
correlate this acid change with an increase in the level of lactic 
acid. 

* Aided in part by a grant from the Special Faculty Research Committee 


of this University. 
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The possibility that the phenomenon could be an electric charge 
artifact, in some way connected with the settling out of the cor- 
puscles, also seemed ruled out, since their set-up was so varied that 
the cells were made to settle either onto or away from the glass 
membrane without in any way modifying the change. 

Some evidence of a decrease in the pH of blood at 38° immedi- 
ately after removal from the body was obtained by the present 
author (3) with the hydrogen and quinhydrone electrodes by meas- 
uring the difference between the pH of plasma which had been 
in contact with cells at 38° for 10 to 12 minutes and plasma which 
had been separated from the cells immediately after drawing. 
The change averaged 0.03 pH, but it was not possible by this 
method to show how the change occurred, whether precipitously or 
slowly. 

In view of the extremely important bearing these observations 
of Havard and Kerridge must have on practically all of the present 
data in the literature dealing with pH-CO,-bicarbonate relation- 
ships in whole blood at 38°, it seemed desirable to reinvestigate 
the problem somewhat more fully. 


Methods and Procedure 


pH was measured at 38° with a glass electrode assembly fully 
described by Stadie et al. (4). It is, therefore, not necessary to 
go into a detailed description of the apparatus. It must be pointed 
out, however, that the active glass for the electrodes was Corning 
015 instead of Woods’ glass, and that the design of the electrode 
(the MacInnes (5) type) and the electrode pipette were entirely 
different from that described by Havard and Kerridge. Several 
modifications of Stadie’s set-up were made: A stop-cock, fused to 
the top of the electrode pipette prevented possible loss of CO, from 
blood during lengthy determinations. All the glass parts, includ- 
ing the calomel and Ag-AgCl reference cells were enclosed in a 
stirred air bath, electrically maintained at 38°. The electrode 
pipette was provided with a jacket, kept filled with water, and 
covered with a layer of oil to prevent cooling by evaporation. The 
water was necessary in order to increase the heat capacity of the 
electrode chamber, so that when cold blood was placed within it, 
temperature equilibrium at 38° was reached within 1} to 2 minutes 
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by actual test. As an additional aid in rapid heat transfer, the 
walls of the electrode pipette were made quite thin. Several pi- 
pettes constructed without this water jacket were unsatisfactory, 
for in these, temperature equilibrium required about 10 minutes. 
Furthermore, well defined first acid changes proving to be nothing 
more than temperature artifacts traceable to this warming up, 
took place. 

Blood was always transferred to the electrode pipette by posi- 
tive pressure, never by suction. In order further to minimize 
effects due to CO, loss in transfer, the first 0.5 ml. of blood to enter 
the chamber was always forced up beyond the top stop-cock be- 
fore this was closed. Between determinations, the pipette was 
flushed with normal saline in order to prevent possible precipita- 
tion of globulin films. Before and after each series of readings the 
glass electrode was standardized by phosphate buffer solutions of 
known pH. Checks to within 0.3 millivolt were required. Re- 
sults on blood with electrodes beyond this limit of tolerance were 
discarded. With the glass electrodes used in this study, pH 
changes of 0.01 were significant. 

Samples of human blood were obtained by venipuncture, with 
or without stasis, dog blood by heart puncture, and cat blood by 
carotid cannula. Bloods were stored in tonometers, over mercury, 
with the exception of a small number which were drawn directly 
into syringes. Since no change was observed to occcur in blood 
kept at 0°, most of the bloods were drawn directly into containers 
immersed in ice-salt mixtures, and then kept on ice until ready for 
use. When it was necessary to use blood without preliminary 
chilling, a rapid technique was developed which made it possible 
to transfer the blood from the body into the electrode pipette within 
an average time of 2} minutes without any significant temperature 
or acid change occurring. As anticoagulant a 30 per cent solution 
of K,C.0, was routinely added to blood to make a 0.3 per cent solu- 
tion. Such a comparatively high concentration was not found to 
interfere in any way with the acid changes observed as shown by 
controls in which either minimal amounts of oxalate were used 
(0.04 per cent) or where clotting occurred within the electrode 
pipette. The concentration of KF was varied to suit the experi- 
mental procedure. 
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Results 


That whole blood becomes more acid at 38° immediately after 
removal from the body has been amply confirmed in this work on 
man, dog, and cat. In Fig. 1 are shown representative pH-time 
curves on human and dog blood at 38°. The solid circles repre- 
sent blood which has been drawn by rapid technique transferred 
to the electrode within 2} minutes without any appreciable change 
from body temperature. Confirming the experience of Havard 
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Fia. 1. The acid change in whole blood at 38° 


and Kerridge that the change does not occur while blood remains 
cold, the clear circle curves represent such blood, chilled immedi- 
ately after drawing and at some later time (several hours, some- 
times) transferred to the electrode without prewarming. It will 
be noted that in the chilled blood the initial acid drift is somewhat 
steeper than in the prewarmed. 

In Fig. 2 are reproduced curves from bloods which had reached 
an acid equilibrium by incubation for 3 to 6 hours at 38°. Here 
the acid change had manifestly become complete. The initial 
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rapid change averaging about 0.01 pH unit, and complete within 
the first 2 minutes, is clearly due to warming up, since it is practi- 
cally absent when the blood is first prewarmed. When allowance 
is made for this temperature effect, the apparent distinction between 
the initial drift rates of chilled and warmed bloods disappears. 

For the sake of comparison, the lowest curve in Fig. 1 depicts the 
sequence of events as noted by Havard and Kerridge. The most 
important difference between their curve and the ones above is 
the extremely rapid change setting in after a short induction period 
and followed by a plateau lasting about 6 minutes. This plateau 
seems to be the main justification of Havard and Kerridge for charac- 
terizing the phenomenon as a first acid change, entirely separate and dis- 
tinct from the acid change taking place later and identified by most 
investigators as the result of glycolysis. 


A 
S PH -—+ WARMED 
+ 0.01 o—o CHILLED 
Soot 

< 

Sa 


MINUTES 





Fig. 2. Temperature control curves on blood after the acid change has 
taken place. 


In this present work, none of the curves, whether on chilled or 
prewarmed blood, gives indication of any clearly defined and sepa- 
rate first acid change. The acid change observed, while increased in 
initial rate, merges without pause into those later changes already 
mentioned. The interpretation which can be placed on this evi- 
dence is simply that we are dealing with pH changes which are the 
reflection of an acid production, presumably glycolysis. 

In Table I is given a compilation of the average pH changes 
observed in seventeen samples of human and twenty-four of dog 
blood during 5 minute intervals from the time the blood was put 
into the electrode. The average concentration of KF used was 0.1 
percent. It is clear that the maximum change occurs in the first 
two 5 minute periods and is practically double the change in the 
last two. It may be argued that because of the comparatively 
high fluoride and oxalate concentration (0.3 per cent K»C,0O,, 0.1 
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per cent NaF) the recorded changes are much less than those of 
Havard and Kerridge with 0.04 per cent K:C2,O, and 0.06 per cent 
NaF. In disagreement with this is the fact that a number of 
bloods containing no fluoride at all did not show increased drifts. 
Bloods containing neither oxalate nor fluoride, and which, there- 
fore, clotted in the electrode pipette, behaved similarly. 

Platt and Dickinson (6), being unable to obtain any evidence for 
an acid change, have criticized the results of Havard and Kerridge 
on grounds that this sudden acid change represents a temperature 
artifact due to inadequate temperature control. They have shown 
that gradients of only 1° or 2° lead to large, apparent acid drifts. 
This criticism may be valid particularly since Havard and Kerridge 
used only air-jacketed apparatus, although it is difficult to under- 
stand why their curves should show an initial plateau of almost 
4 minutes. The present experiments have shown satisfactorily 
that with water-jacketed equipment, there is no temperature arti- 








TaBLe [ 
Average Decrease in pH at 38° in Forty-One Samples of Whole Blood 
Nin i's viv dtnntivg std caece 0-5 5-10 10-15 15-20 
pH decrease...................] 0.008 0.007 0.004 0.004 

















fact whatsoever with prewarmed blood, and only a small but 
predictable effect with chilled. The acid change observed is, 
therefore, not a temperature artifact. 

There remains one other important control which has been re- 
peated with practically every blood. As soon as a sample of blood 
was transferred to the electrode pipette, the remainder in the tonom- 
eter or syringe was immediately brought to 38° and kept in the 
air thermostat; under these circumstances, any acid change taking 
place in the pipette should also take place pari pasu in the tonom- 
eter. Thus the last reading on the first sample of blood in the 
pipette should agree with the first reading on a refill. That these 
“follow up” determinations did give such agreeing values is evi- 
dent from the curves in Fig. 1. This is additional evidence that 
this acid change is a true one and not confined to the electrode 


pipette alone. 
Effect of High Fluoride Concentration—The opinion is fairly well 
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grounded in the literature that the fluoride ion is adequate for 
preventing glycolysis. The routine use of 0.05 to 0.1 per cent K 
or NaF is quitecommon. When it was observed that such concen- 
trations were inadequate for preventing this sudden acid change 
in freshly drawn blood, it seemed not unreasonable to suppose that 
the increase in acidity was not associated with glycolysis. Most 
of the curves shown in Fig. 1 are on blood preserved with 0.3 per 
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Fic. 3. The effect of high fluoride concentrations on the acid change 


cent KF, three times the usual amount. It is apparent that even 
such comparatively high concentrations do not prevent the change. 

Nevertheless, it is conceivable that we are dealing with an ex- 
tremely vigorous glycolysis. If this is so, then higher concentra- 
tions of fluoride might be necessary to stopit. Fig. 3 demonstrates 
that massive amounts of KF are effective in preventing this acid 
change completely in dog blood not only within the electrode 
pipette but also in a tonometer. In six samples of human blood 
preserved with 0.1 per cent NaF, the average change within the 
first 10 minutes was 0.013 pH unit more acid, while in four samples 
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containing 1.0 per cent NaF, the change was only 0.004 pH more 
acid. 

In view of the fact that fluorides are known to attack glass, it is 
possible that the lack of acid change may be due to changes in the 
glass electrode. Indications to the contrary, however, are: (1) 
Careful check of the electrode before and after contact with fluor- 
ide contained in blood and also buffers has demonstrated no changes; 
(2) “follow up”’ or refill determinations, such as shown in Fig. 3. 
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Fia. 4. The effect of high sedimentation rate of the corpuscles upon the 
acid change. Curves II are ‘‘follow up” curves of the experiments repre- 
sented by the corresponding Curves I. 


Sedimentation—When blood samples were placed in the elec- 
trode pipette, it was observed that the cells gradually settled out. 
* In dog blood, sedimentation was more or less complete within 10 
to 15 minutes. In the human blood examined the rate was 
even slower. In none of these experiments did there appear to be 
any correlation between the acid change and the sedimentation 
rate. 

Cat blood, which has a high sedimentation rate, gave results in- 
dicating that extremely rapid settling produced an acid drift which 
is probably an artifact. Curves B in Fig. 4 show this. 
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In each case, the first values of the “follow up” curves, Curves 
II, do not agree with the last values of Curves I. This is offered 
as evidence that this acid change in Curves I is augmented by the 
sedimentation. That the usual acid change which was observed 
in all other cases takes place, perhaps somewhat more slowly in 
these cases, is shown by Curves II whose initial values both begin 
at slightly more acid values than for CurvesI. An experiment with 


TaBLe II 


Changes in Lactic Acid and pH of Whole Blood at 38° Immediately after 
Removal from Body 





























KF Initial Incu- Final 

Sub- | con- ——| bation 

= tent pH i> ra) pH kami 
per cent nap oan min. a> Gout 

Human blood (venous) Sm. | 0.0 | 7.42] 13.2] 23 | 7.41 | 10.6 
Ha. | 0.0 | 7.30] 5.2] 23 | 7.29] 7.7 

Wa. | 0.15 | 7.35 | 5.6] 22 | 7.33 | 12.2 

Sm. | 0.12 | 7.34] 15.0] 26 | 7.33 | 17.3 

7.34) 15.0] 60 | 7.32] 19.3 

Fe. | 0.21 | 7.37 | 14.9] 27 | 7.34] 14.5 

Zo. | 0.0 | 7.36] 21.8] 20 | 7.35 | 19.9 

7.36 | 21.8] 60 | 7.33 | 25.4 

Cat blood (arterial) 1 0.3 | 7.28) 11.8| 18 | 7.26] 11.8 
2 0.03 | 7.38 | 17.6 | 20 | 7.35] 17.3 

2 0.6 | 7.31 | 30.3 | 25 | 7.31 | 30.9 

3 2.0 | 7.34] 5.1] 28 | 7.31] 8.2 

4* 10.0 | 7.01 {173.3 | 21 | 6.98 174.5 

6 0.0 | 7.32] 11.8] 26 | 7.31 | 15.8 

7.32 |} 11.8] 63 | 7.27] 18.3 

6 {0.0 | 7.22] 5.5] 28 | 7.18] 8.5 











* Preparation from decapitate animal. 


a glass electrode mounted in a pipette chamber which could be 
be rotated in all planes showed that it made no difference whether 
the cells settled onto, away from, or past the glass membrane. 
The phenomenon is probably, therefore, not due to electric charg- 
ing effects of the corpuscles. High concentrations of fluoride stop 
the settling, and of course also prevent any true acid change. 
This is shown in Curves A. 
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It cannot be decided from these experiments whether sedimen- 
tation is stopped by the antiglycolytic action or high electrolyte 
content. The latter appears the most probable. 

Lactic Acid—If the acid change which has been observed is the 
result of glycolysis, it should be theoretically possible to demon- 
strate a rise of lactic acid. But in a closed system, such as a 
tonometer or electrode pipette, any CO, produced by the reaction 
between lactic acid and bicarbonate contributes to the increase in 
acidity because it cannot escape. Thus the buffer capacity of the 
blood toward lactic acid is apparently lowered. Under these 
conditions it has been calculated that an increase of the order of 
2 mg. or less lactic acid per 100 ml. of blood is sufficient to produce 
a fall in pH of 0.01 unit. Such small increments of lactic acid 
offer practical difficulties in measurement. Lactic acid determina- 
tions for these studies were made in duplicate by the gasometric 
method of Avery and Hastings (7). Table II shows the results. 
In the shorter incubation periods, averaging 23 minutes, several 
bloods actually lost lactic acid although the pH change was uni- 
formly toward the acid. In the longer periods, the rise in lactic 
acid was unmistakable. Except for the longer periods, the average 
of six determinations on human blood showed a rise of 1.1 mg. per 
cent of lactic acid and a fall of 0.015 pH unit; on seven cat bloods, 
a rise of 1.7 mg. per cent of lactic acid and a fall of 0.023 pH unit. 
The small number of determinations makes it impossible to attach 
any significance to the differences between man and cat. Taken 
by and large, it is believed that these results offer some evidence 
that the acid change which occurs in freshly shed blood can be 
classed as glycolysis. 


SUMMARY 


The phenomenon of a first acid change observed by Havard 
and Kerridge has been reinvestigated. A decrease in pH of whole 
blood at 38° immediately after removal from the body has been 
confirmed. The usual concentrations of KF (0.05 to 0.1 per cent) 
are ineffective in preventing the change; massive amounts of 1 to 
2 per cent are completely effective. Evidence is presented to show 
that the decrease in pH may be due to lactic acid production. 
Temperature and corpuscle aN effects are discussed as pos- 
sible artifacts. 
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The results seem to justify the interpretation that the first acid 
change is nothing more than glycolysis. 
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SYMMETRICAL DISUBSTITUTED METHANES PREPARED 
FROM MEMBERS OF OPTICALLY ACTIVE HOMOL- 
OGOUS SERIES OF DISUBSTITUTED CAR- 
BOXYLIC ACIDS AND THEIR DERIVATIVES 


By P. A. LEVENE anp R. E. MARKER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 23, 1934) 


The present investigation was undertaken as a check on all previ- 
ous work from this laboratory dealing with the problem of configu- 
rational relationship of the derivatives of disubstituted acids of the 
type 

CH; 


| 
H—C—(CH;), COOH 


R 
I* 


in which R stands for any aliphatic radicle and n = 0 or any in- 
teger.'_ The starting materials were prepared either from malonic 
ester by double substitution with aliphatic halides, or from second- 
ary aliphatic halides by condensation with malonic ester. Rear- 
rangements may have occurred either in process of halogenation 
or during the reaction of substitution. 

Again, the higher members were prepared from the lower by 
converting the functional group of the lower into a halide and then 
condensing the halide with malonic ester or with potassium cyanide, 


*Similar work on the homologous series containing an ethyl or a phenyl 
group is in progress. In the homologous series of the disubstituted pro- 
pionic acids containing an ethyl group it would seem that the first mem- 
ber may rotate in the same direction as the higher members. For the 
present, this is merely an indication. 

1 Levene, P. A., and Marker, R. E., J. Biol. Chem., 103, 299 (1933). 
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or through condensation of the Grignard reagent with formalde- 
hyde or with carbon dioxide. Here also the possibility is not 
excluded that either in the process of halogenation or in the proc- 
ess of condensation a rearrangement took place. 

There was reason to believe, on the basis of our previous experi- 
ence, that such rearrangements do not occur in a degree sufficient 
to affect the validity of the conclusions published by us. The 
reasons are the following: First, the resolution of the synthetic 
dl substances into the active components requires numerous re- 
crystallizations, the yield of the active material seldom exceeding 
10 per cent of the starting material. This procedure should suffice 
to remove the bulk of the impurities. Second, in the carbinols 
of the type (II) the partial contribution of the OH group approaches 


CH; CH; 
| 
H—C—(CH:),0H H—C—(CH:),X 
CrH om +1) CrH om +1) 
II Ill 


0 when n = m, and this phenomenon could occur only in cases when 
m=n. Third, the fact that in the series, regarded as homologous, 
of the type (III), where X stands for any functional group, the 
partial rotation of the group X and of that of the rest of the mole- 
cule was found to be of the same sign in all members, indicating 
that our arrangement of the substances into homologous series 
was correct. 

Nevertheless, it was deemed desirable to test our conclusions 
by a more rigorous method. It was necessary to prove that in the 
substance of the general type (III), the carbon skeletons of the 
radicles (CHz),X and of C»nHm4+1 are of the straight chain type. 
In order to do so, the chain C, was made equal to C,,, and then the 
group or atom X was replaced by a hydrogen atom, thus leading 
to a substance of the general type 


CH; 


| 
H—C—C,H (om + 1) 


CrH om +1) 
IV 
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These substances would be symmetrical only when both radicles 
CrHem+1 Were normal. 

Two groups of substances of the type (III) were selected; in one, 
m = 3,in the other, m = 4. In both cases, the hydrocarbons were 
inactive when n was made equal to m. In other words, the con- 
clusions formulated previously regarding the configuration of the 
substances of the general type (II) are correct. If rearrangements 
took place in the course of any of these reactions, then the products 
of such rearrangements were removed in course of resolution or of 
purification of the other derivatives, thus showing that they were 
present, if at all, in small proportions. 

Work in the same direction on the group of substances of the 
general type of 


C:Hs 
H—C—(CH:),X 
| 
CrH com +1) 


is now in progress and the results will be published in the near 
future. 

Incidentally, occasion was taken to hydrogenate the levo-2,8- 
heptenol-(4) (C;sH;CHOH—CH = CHCH;). In this case, propyl 
bromide was converted into the Grignard reagent and then con- 
densed with butyraldehyde. The saturated carbinol was found 
inactive and therefore had the constitution of di-n-propylearbinol. 
Thus, it was shown that if any rearrangement took place in any 
phase of the reaction leading to the above unsaturated carbinol, 
it took place in a small measure only, so that the main product 
could be obtained in pure state by recrystallization either of the 
half phthalic ester directly, or by recrystallization of some crystal- 
line salt of the half phthalic ester. In cases in which complicated 
fractionation columns are not accessible, this method may serve 
for purification of synthetic secondary carbinols. 


EXPERIMENTAL 


Symmetrical Dipropylmethylmethane (4 Methyloctane) from Levo- 
C;H,—CH—C;H; 
Methylpropylpropionic Acid ( —The hydro- 
CH; 
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carbon was prepared by means of the following synthesis. Methyl- 
n-propylcarbinol was converted into 2-bromopentane by gaseous 
hydrogen bromide. This was condensed with malonic ester and 
the resulting propionic acid resolved by crystallizing its cinchoni- 
dine salt from 50 per cent alcohol. This was not resolved to the 
maximum. This, in turn, was converted into the following deriv- 
atives by methods previously described, giving the molecular ro- 
tations as follows: 


C,;H;—CH—CH,COOH [M]> = —2.43° 


CH, 
iad viata [MJ]; = —0.70° 


CH; 


C;H:;—CH—CH,CH,OH (Mjp = —1.41° 
| 
CH; 

C,;H;—CH—CH:—CH.Br__ [M]> = +13.41° 
CH; 

C,;H;—CH—-CH;CH.CH.OH [Mj? = 0° 
CH; 

C,H;—CH—CH,CH.CH.Br [Ml] = +5.79° 
CH; 

ee [M]z? = 0° 
CH; 


50 gm. of 1-bromo-4-methylheptane, [M]> = +5.79°, were 
converted into the Grignard reagent by magnesium in dry ether. 
This was poured onice. The hydrocarbon was purified by shaking 
with cold concentrated sulfuric acid, sodium carbonate solution, 
and finally refluxed with sodium until it tarnished it no more. 
B.p. 117.5°. Yield 12 gm. a = 0. 


2.950 mg. substance : 9.090 mg. CO, and 4.190 mg. H,O 
CsHis. Calculated. C 84.1, H 15.9 
Found. ** 84.0, “ 15.9 
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Methyl-Di-n-Butylmethane (5-Methylnonane) from Methylbutyl- 
C,H>—CH—C.H14 
propionic Acid | Methyl-di-n-butylmethane 
CH; 
was prepared from methylbutylpropionic acid through the follow- 
ing compounds which were previously described. 


n-C,Hy—CH—CH,.COOH [M]z = +3.0° 
| 
CH; 
n-C,Hy—CH—CH:—CH.Br [M]> = —7.3° 
| 
CH; 
n-C,Hy—_CH—CH.CH.CH.COOH [M]> = —0.99° 
CH; 
n-C,Hy—CH—CH,CH.CH.COOC:H; [MJ]> = —1.58° 
CH; 
n-C,Hy—CH—CH,CH.CH;CH.OH [M]> = 0° 
CH; 
n-C,Hy—CH—CH.CH.CH;CH:Br [M]> = — 2.50° 
CH; 
n-C,Hy—CH—C,H, (maximum reading) [M]> = +0.007° (practically 
| inactive) 
CH; 
50 gm. of 1-bromo-5-methylnonane, [M]®> = —2.50°, were re- 


duced by means of the Grignard reagent, as described for dipropyl- 
methylmethane. The hydrocarbon was purified by the usual 
methods. B.p. 162-163°. Yield 20 gm. a = +0.007°. 


3.116 mg. substance : 9.650 mg. CO, and 4.375 mg. H,O 
CieH ee. Calculated. Cc 84.4, H 15.6 
Found. “84.4, “15.7 


Di-n-Propylearbinol (n-C;H;—CHOH—C;H;) from 1-2 ,3-Hep- 
tenol-(4)—Inactive 2,3-heptenol-(4) (C;H;—CHOH CH = CH— 
CH;) was prepared by means of the Grignard reagent on butyralde- 
hyde. This was converted into the half phthalic ester and re- 
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solved by crystallizing its brucine salt from acetone. The phthalate 
had the following rotation. 
2 -025°X10 
[a]> = so Ti xa x1 1.25° (in benzene) 

The phthalate was converted into the carbinol by steam-distil- 
ling an alkaline solution of the phthalate. B.p. 157°, 760 mm. 
D 25/4 = 0.832. 

—0.58° 


°. 2 sie sie ° 
1x 0.832 0.70°; [M]p 0.80 


lal = 


3.390 mg. substance: 9.120 mg. CO: and 3.735 mg. H,O 


C,H,,O. Calculated. C 73.6, H 12.4 
Found. “ 73.4, “ 12.3 


The above carbinol was reduced by shaking with hydrogen in the 
presence of platinum oxide. The reduced carbinol was distilled. 
B.p. 152-153°, 760 mm. a = 0. 


3.195 mg. substance : 8.495 mg. CO, and 3.980 mg. H,O 
C;H,.O. Calculated. C 72.4, H13.9 
Found. ** 72.5, ** 13.9 
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GLYOXALASE 


II. THE DISTRIBUTION OF GLYOXALASE IN TISSUES OF 
NORMAL AND CANCEROUS ALBINO RATS 


By MURIEL E. PLATT anp E. F. SCHROEDER 


(From the Cancer Research Laboratories, University of Pennsylvania Grad- 
uate School of Medicine, Philadelphia) 


(Received for publication, May 9, 1934) 


In a recent communication (1) conditions were defined for the 
determination of the glyoxalase activity of acetone-yeast by means 
of a manometric method. In principle, the method depends upon 
the measurement of the amount of CO:evolved in the neutralization, 
by sodium bicarbonate, of the lactic acid produced from methyl- 
glyoxal by the action of the enzyme. This method has now been 
applied to a study of the distribution of the enzyme in various 
tissues of normal and cancerous albino rats. 

The kinetic behavior of glyoxalase in aqueous extracts of animal 
organs (with the exception of kidney and pancreas, in which the 
results are complicated by the presence of an inhibitor) is identical 
with that observed in the case of acetone-yeast suspensions. This 
identity extends to the specific activating effect of glutathione, 
the constancy of reaction rate, the effect of methylglyoxai concen- 
tration, and the relation between quantity of enzyme and lactic 
acid formed in unit time. 

The question of the quantitative distribution of glyoxalase in 
tissues is of interest in connection with the possible relation of this 
enzyme to the glycolysis process. If glyoxalase is directly con- 
cerned in the production of lactic acid from carbohydrates, then 
one would expect those tissues which have high glycolytic activity, 
such as cancer, to contain large amounts of the enzyme as compared 
to tissues with low glycolytic acitvity. A number of investigators 
(2-4) have presented data on the distribution of glyoxalase in 
tissues. These data, however, have little significance, since no 
effort was made to control the glutathione concentration. As was 
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shown in our previous paper (1) quantitative comparisons can be 
made only if the concentration of glutathione is held constant. In 
the process of extracting the enzymes, variable amounts of gluta- 
thione are also extracted. Furthermore, as was shown by Hopkins 
and Elliott (5), tissue suspensions differ widely in their ability to 
keep glutathione in the reduced form essential for enzyme activa- 
tion. Therefore during the extraction, and subsequent preparation 
of the reaction mixtures, considerable changes in the glutathione 
concentration always occur. We have been able to overcome this 
difficulty by oxygenating the aqueous extracts at 0° until the 
reduced glutathione was completely removed. Constant amounts 
of the latter were then added for the determination of enzyme 
content. 

By this method no evident relationship was found to exist be- 
tween glyoxalase content and glycolytic activity. Extracts of 
tumor tissue contain about the same amount of glyoxalase as leg 
muscle. The average values found for the various tissues are as 
follows: liver, 100; tumor, 9; leg muscle, 10; diaphragm, 10; spleen, 
24; kidney, 5; pancreas, 8. The livers of animals with Walker No. 
256 carcinoma tended to be low in glyoxalase, while those of ani- 
mals with Philadelphia No. 1 sarcoma were in the normal range. 
Beyond this, no marked differences were found between corre- 
sponding organs of normal and cancerous animals. 

A similar conclusion was reached in experiments on the glyoxa- 
lase activity of slices of intact tissue, without added glutathione. 
The average values found are as follows: liver, 100; tumor, 25; 
diaphragm (muscle), 30; spleen, 55; pancreas, 49; kidney, 123. The 
values for tumor tissue are lower than for any of the other tissues, 
all of which have a much lower anaerobic glycolysis. Again, no 
differences of significance were found between corresponding or- 
gans of normal and cancerous animals. 

The glyoxalase activity of kidney extracts is not constant, but 
falls off very rapidly during the determination. Slices from this 
organ, on the other hand, exhibit a constant, high reaction rate. 
Pancreas shows a similar, though less pronounced behavior. From 
this it may be concluded that kidney contains an inhibitory sub- 
stance liberated during the extraction, which is probably similar 
to the pancreatic ‘anti-glyoxalase’ already known (2). 
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EXPERIMENTAL 


Preliminary Studies on Animal Tissue Glyoxalase 


Method—Except for the preparation of the enzyme solutions, 
the procedure for determining glyoxalase activity was identical in 
all respects with that previously described for acetone-yeast. 

For the preliminary studies on the properties of the enzyme, 
aqueous extracts of rat liver, muscle, and tumor were used. The 
tissue was thoroughly ground up with sand in a mortar, treated 
with 5 parts by weight of distilled water, and allowed to stand for 
30 minutes at room temperature with frequent stirring. After 
centrifuging, the supernatant liquid was placed in a large test-tube 
in an ice bath, and a slow stream of oxygen bubbled through 
for 2 hours. A blank determination of the enzyme activity with- 
out added glutathione was then made. If the CO: evolution was 
insignificant (less than 5 c.mm. in 20 minutes for amounts of ex- 
tract up to 1 cc.), it was assumed that all the GSH had been oxi- 
dized. In most cases, the latter is completely removed by this 
treatment, although the oxygenation may be continued for at 
least 5 hours without damage to the enzyme itself. When extracts 
thus prepared are kept in the ice box, practically no loss of enzyme 
activity occurs for at least 48 hours, as shown by complete reacti- 
vation on addition of glutathione. 

The CO, blank described above, which is probably due to reac- 
tion between protein and methylglyoxal, may usually be neglected 
in determining enzyme activity; or it may be corrected for by 
subtraction. As with acetone-yeast, it is essential, in a series of 
comparative experiments, to adopt a uniform order in adding the 
various reagents. 

Kinetics—Since the kineti¢ behavior of glyoxalase from liver, 
muscle, and tumor was found to be identical in all essential re- 
spects with that previously reported for acetone-yeast, complete 
data on the points investigated are not presented. Table I shows 
the similarity in the activating effect of increasing amounts of 
glutathione on constant amounts of glyoxalase from various 
sources. The amount of enzyme used was that which gave approxi- 
mately 65 c.mm. of CO, in 20 minutes with 0.25 mg. of glutathione. 
The reaction mixtures contained, in addition, 2 mg. of methyl- 
glyoxal and 0.4 cc. of sodium bicarbonate (0.2 m) in a total volume 
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of 2 cc. The temperature was 25°. The close agreement in the 
values obtained with different amounts of glutathione indicates the 
identity of the enzyme from the various sources. 

The glyoxalase in tissue extracts appears to be somewhat more 
stable than that in acetone-yeast suspensions, due perhaps to the 
smaller amount of cell residue present. This is shown by the fact 
that the rate of the enzyme reaction is constant for at least 1 hour 
both at 25° and at 37°, while acetone-yeast glyoxalase, which has a 
constant rate at 25°, decreases in activity almost from the start 
at the higher temperature. This constancy in reaction rate for 
tissue glyoxalase is maintained even in the presence of large 


TABLE I 


Effect of Increasing Amounts of Glutathione on Activity of Glyoxalase from 
Various Sources 











CO: in 20 min. 
GSH added 
Acetone-yeast Liver Muscle Tumor 
mg. c.mm c.mm. c.mm. c.mm., 
0.1 20 22 
0.2 37 38 35 36 
0.3 45 48 
0.5 64 65 65 66 
0.75 77 78 
1.0 88 86 94 90 
2.0 91 
5.0 78 78 

















amounts of glutathione and methylglyoxal (up to 5 and 8 mg. 
respectively) while under the same conditions acetone-yeast 
glyoxalase is slightly inhibited. As with acetone-yeast, the rate 
is independent of the methylglyoxal concentration (1 to 5 mg. in 
2 cc.) when low concentrations of glutathione are used (below 0.5 
mg.), but increases with increasing substrate concentration when 
larger amounts of glutathione are present (2 mg.). 

For the determination of the glyoxalase activity of tissue ex- 
tracts, the same standard conditions employed in the work on ace- 
tone-yeast were adopted; namely, 0.25 mg. of glutathione, 2 mg. 
of methylglyoxal, and 0.4 ce. of bicarbonate (0.2 m), in a total 
volume of 2 cc., and a temperature of 25°. Under these conditions, 
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direct proportionality exists between the quantity of enzyme used 
and the amount of CO, evolved in 20 minutes, as shown in Table IT. 

Relation between Loss of Glyoxalase Activity and Glutathione— 
Freshly prepared extracts from different organs, as well as from 
the same organ from different animals of the same species, vary 
widely in the rate at which they lose their glyoxalase activity. 
Occasionally rat liver extracts were found to be completely inacti- 
vated by the time extraction was finished. In other cases, several 
hours oxygenation was necessary to produce the same result. 
Rabbit liver extracts generally were much more stable, although 
if the animal had previously been fasted, extracts were obtained 
which decreased very rapidly in activity. Laked blood was 
particularly stable, retaining a large part of its glyoxalase activity 


TasB_e II 


Relation between Quantity of Enzyme and CO, Formation at 25° 

















Liver extract CO: in 20 min. Liver extract CO: in 20 min. 
ce. c.mm, ce. ¢.mm, 
0.1 34 0.6 200 
0.2 70 0.7 234 
0.3 104 0.8 272 
0.4 136 0.9 304 
0.5 170 1.0 340 





for several days at 0°. Human blood was more stable than rat 
blood. 

Fig. 1 shows that these rapid losses in activity are due to disap- 
pearance of reduced glutathione. Freshly prepared rat liver 
extract (unoxygenated) was aliowed to stand at room temperature. 
At intervals, the glyoxalase activity was determined without added 
glutathione. At the same time, the glutathione content of the ex- 
tract was determined by the iodate procedure of Woodward and Fry 
(6), the protein being removed by adding 2 cc. of extract to 16 cc. of 
water and 2 cc. of 22 per cent sulfosalicylic acid. Iodometric 
methods for glutathione are not wholly satisfactory in the case of 
tissues, particularly when incubations are involved. Nevertheless, 
the agreement between loss of activity and loss of glutathione is 
fairly close, the slight spread between the curves with time indicat- 
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ing probably the formation of other iodine-consuming substances. 
After 3 hours, addition of the original amount of glutathione (as 
determined by titration) almost completely restored the activity, 
showing that the enzyme was still present. It should be pointed 
out that losses in glutathione apparently do not occur during the . 
actual enzyme determination, since constant reaction rates con- 
tinue for long periods of time (except for kidney and pancreas 
extracts). This is probably due either to union with the sub- 
strate, or to the protective action of the anaerobic conditions em- 
ployed. 


PERCENT 
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TIME (HOURS) 
Fia. 1. Relation between loss of glyoxalase activity and loss of gluta- 
thione in rat liver extract. Curve A, glyoxalase activity; Curve B, 
glutathione. 


Distribution of Glyoxalase in Tissues 


Extraction of Enzyme—In order to determine the most suitable 
procedure for extracting the enzyme from tissues, the following 
experiment was carried out. Equal weights of fresh pig liver were 
treated as follows: the tissue was (a) ground with sand, extracted 
for 1 hour with 5 parts by weight of water, and centrifuged; (6) 
minced in a grinder, extracted for 1 hour with 5 parts of water, and 
centrifuged; (c) frozen in liquid nitrogen, crushed, extracted 1 
hour with 5 parts of water, and centrifuged; (d) minced, and sus- 
pended in 5 parts of water; (e) dried with acetone and ether, and 
suspended in 5 parts of water (calculated on a basis of wet weight). 











y; 


he 


Fatt 


0) 
nd 


nd 








M. E. Platt and E. F. Schroeder 185 


The various extracts and suspensions were oxygenated to remove 
glutathione. The activities were then measured by the standard 
procedure, with equal amounts (0.4 cc.) of the various preparations. 
The volumes of CO; evolved in 20 minutes were 80, 78, 72, 88, and 
97 c.mm. respectively. As was to be expected, the suspensions 
gave slightly higher activities than the extracts. The use of sus- 
pensions, however, proved unsatisfactory owing to the impossi- 
bility of obtaining them fine enough for the accurate measurement 
of the small volumesinvolved. Also it was more difficult toe remove 
glutathione from the suspensions, probably because of the presence 
of reducing mechanisms. The activities found for the various 
extracts agree satisfactorily, and consequently in the distribution 
studies the method of grinding with sand was used, as described in 
the previous section. It was found that extending the time of 
extraction beyond 30 minutes does not increase the amount of 
enzyme in solution. 

Glyoralase in Extracts—Table III shows the results obtained with 
tissues of well fed normal and cancerous albino rats; a number of 
figures are included for tissues of white mice. Depending on the 
glyoxalase content, from 0.2 to 1.0 ec. of oxygenated 1:5 extract 
was used for the determination. The results are expressed as c.mm. 
of CO, obtained in 10 minutes from 0.4 cc. of extract, assuming 
that direct proportionality exists between quantity of enzyme and 
amount of CO, formed. 

With the exception of liver, no evident differences exist between 
cancerous and normal animals in the glyoxalase content of corre- 
sponding organs. Rats and mice with carcinomas tended to havea 
low liver glyoxalase, while rats with sarcomas were near the nor- 
malrange. The low values obtained for cancerous tissue indicate 
that no relation exists between the high glycolytic activity of this 
tissue and its glyoxalase content. Muscle, liver, and spleen are 
much less active glycolytically, although the first contains as 
much, and the latter two much more glyoxalase than cancer. A 
number of determinations on diaphragm, not included in Table 
III, gave approximately the same values as leg muscle. 

These results differ to some extent from those reported by previ- 
ous workers, owing to their failure to control the glutathione con- 
centration. Sakuma (4) found that mammalian muscle, spleen, 
and kidney contain about 40 per cent as much glyoxalase as liver. 











186 Glyoxalase. II 


He also states that young sarcoma tissue contains as much as liver. 
Ariyama (3) likewise reports that in white rats muscle and kidney 
are about 40 per cent, and spleen 30 per cent as active as liver. 

In view of our experiments, it is difficult to understand the high 
glyoxalase content found by these workers in kidney. Kidney and 
pancreas extracts, even with added glutathione, were either practi- 





























TaB.e III 
Glyozalase Content of Tissue Ezxiracts 
COs in 10 min. from 0.4 ce. extract 
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* Firm, rapidly growing tumors, with little necrosis, were used. For a 
description of the tumors, see Waldschmidt-Leitz, McDonald, and co- 


workers (7). 


cally inactive at the start, or rapidly decreased in activity during 
the determination, while extracts from the other organs maintained 
a constant reaction rate. This indicates the presence of inhibiting 
substances in pancreas and kidney. Consequently the results 
given in Table III are not truly representative of the glyoxalase 
content of these two organs. 

Glyoxalase in Tissue Slices—In order to determine the actual 











oO a2 US 








M. E. Platt and E. F. Schroeder 187 





glyoxalase activity (as distinguished from glyoxalase content) 
existing in tissues, a number of determinations were made with 
thin slices of tissue. The rats were killed by a blow on the head, 
bled from the neck, and the organs removed and sliced with a 
razor. Leg muscles were cut transversely; since this cuts through 
the cells, the results obtained are probably not representative. As 
an example of muscular tissue, therefore, diaphragm was included. 
Only the outside, non-necrotic portion of tumors was used. For 
the activity determination, the reaction mixtures contained 1.2cc. of 
Ringer’s solution, 0.4 cc. of bicarbonate, and 2 mg. of methylgly- 
oxal, in a total volume of 2ce. Noglutathione wasadded. Blank 
determinations without methylglyoxal were insignificant except in 
the case of leg muscle, which had a very low glyoxalase activity, 
and they were therefore neglected. After the determination, the 
tissue was dried at 110° for 1 hour, and weighed. 

With slices, including pancreas and kidney, the rate of glyoxalase 
action was constant for at least 1 hour, and directly proportional 
to the weight of tissue used, provided the slices were not too thick.' 


' After completion of this investigation, Jowett and Quastel (8) pub- 
lished the results of a similar study on the glyoxalase activity of tissue 
slices. They found that the reaction rate decreased quite rapidly from 
the start of the experiment, which must be ascribed to the higher temper- 
atures they employed (37°), since all other conditions were essentially 
identical with ours. They also report that the glyoxalase activity is not 
proportional to the tissue weight, but to the tissue area, and increases as 
the thickness of the slice is decreased. This is believed to be due to in- 
complete diffusion of substrate into the tissue. Although we have made 
no measurements of tissue thickness, merely cutting the slices as thinly 
as possible, we have had no difficulty in obtaining reproducible results on 
the same tissue (within 10 per cent). Jowett and Quastel state that, ‘If 
the intrinsic activity falls,.the methylglyoxal will penetrate further into 
the slice (no change in diffusion coefficient being supposed to take place), 
and as a result the observed change in activity will not be so great as the 
change in intrinsic activity.”’ It is conceivable that a similar explanation 
accounts for our constant results. At the lower temperature employed in 
our experiments, the intrinsic activity of the tissue will be considerably 
lowered, and as a result the substrate will be able to penetrate farther into 
the interior portions of the slice. Consequently the rate will be less de- 
pendent upon the thickness of the slice. In agreement with our results, 
Jowett and Quastel find a higher glyoxalase activity for kidney than for 
liver slices. However, their high values for Jensen rat sarcoma (about the 
same as for guinea pig liver) are not in agreement with our results for 
tumors, 
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With thick slices the rate was less than would be expected from the 
weight of tissue used, probably due to incomplete diffusion of the 
substrate into the interior cells. When slices were allowed to 
stand in Ringer’s solution for long periods of time, the glyoxalase 
activity fell off, probably due to loss of glutathione. For example, 
liver slices in 4 hours lost about 20 per cent of their activity. When 
proper precautions were observed, duplicate determinations on the 
same tissue agreed within 10 per cent. 


TaBLe IV 
Glyoralase Activity of Rat Tissue Slices 





CO: in 20 min. per mg. dried tissue 
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The results are shownin TableIV. A computation is included of 
the average glyoxalase values obtained from all rat tissue extracts 
and slices examined, when a value of 100 is assigned to liver. As 
with extracts, slices from corresponding organs of normal and can- 
cerous animals showed no significant variation in activity, even livers 
from animals with carcinoma being normal. Tumor slices showed 
about the same activity as diaphragm, although leg muscles were 
much less active. The low values obtained with the latter are 
undoubtedly due to diffusion of glutathione out of the injured 
cells. Evidence in support of this is seen in the fact that addition 
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of 0.25 mg. of glutathione increases the activity by 400 per cent, 
while the same amount added to the other tissues produces only a 
20 to 40 per cent increase. Warburg, Posener, and Negelein (9) 
reported that slices of rat carcinoma tissue were as active in con- 
verting methylgloxal to lactic acid as liver tissue. Our experiments 
do not support this finding. 

The experiments with slices also lead to the conclusion that no 
relation exists between glyoxalase activity and glycolytic activity. 
Representative values for the anaerobic glycolysis of the various 
tissues studied are as follows (c.mm. of CO, formed in 1 hour per 
mg. of dried tissue) : liver, 3.3; tumor (Jensen sarcoma and Flexner 
carcinoma), 25 to 40; kidney, 3.7; muscle (diaphragm), 6.1; spleen, 
8.3; pancreas, 3.5. The glyoxalase activity of tumor slices is 
lower than for any of these types of tissue, while the glycolytic 
activity is from 3 to 12 times as great. 

Further evidence for the existence in pancreas and kidney ex- 
tracts of an inhibitor of glyoxalase is obtained by comparing the 
low activity of the extracts with the high activity of the slices. 
This is especially marked in the case of kidney. The fact that the 
reaction rate does not decrease with time when slices are used 
indicates that the inhibitor does not exert its effect until it has been 
extracted. While the presence of an antiglyoxalase in pancreas 
has been known for a long time, the occurrence of a similar sub- 
stance in kidney has not previously been reported. It appears to 
be present in much larger amounts in kidney than in pancreas, 
and thus far we have found it in kidneys of rat, rabbit, and pig. 
Further work on the nature of the inhibitor is in progress. 


SUMMARY 


1. The kinetic behavior of animal tissue glyoxalase has been 
shown to be identical with that previously reported for acetone- 
yeast glyoxalase. 

2. A quantitative study of the distribution of glyoxalase in 
aqueous extracts of organs of normal and cancerous rats and mice 
was carried out. No evident relationship was found between the 
high glycolytic activity of cancer tissue and its glyoxalase content. 
A similar conclusion was reached in a study of the glyoxalase 
activity of slices of intact tissue. 

3. Evidence has been presented for the occurrence in kidney 
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tissue of an inhibitor of glyoxalase, similar to the antiglyoxalase 
of pancreas. 
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Phosphoric acid is precipitated as strychnine phosphomolybdate, 
the precipitate is washed, redissolved in acetone, the acetone is 
evaporated, and the carbon content of the residue determined gaso- 
metrically by wet combustion by the micromethod of Van Slyke, 
Page, and Kirk (11). 

For precipitation of phosphoric acid by strychnine molybdate 
the procedure followed is essentially that given by Embden (1) 
and Roche (8), with some added refinements necessary in analysis 
of the minute amounts to which the gasometric method is applied 
(0.005 to 0.02 mg. of phosphorus). It appears that attempts to 
determine phosphoric acid by titration (Myrbiick (4) and Roche 
(8)) or by weighing (Myrbiick (4)) of the strychnine phosphomolyb- 
date precipitate have not been entirely satisfactory in analysis of 
samples containing less than 0.02 mg. of phosphorus. This limit 
is given by Roche as the lower one to which microtitration is applic- 
able, and Myrbiick in analyses of standard phosphate solutions by 
the microgravimetric procedure reports deviations from the theo- 
retical as large as 6 to 14 per cent for samples containing 0.006 to 
0.016 mg. of phosphorus. 

The gasometric method here described has the same applications 
to blood, urine, tissues, and organic phosphorus compounds as the 
gravimetric method of Embden. 


Reagents 


For Phosphorus Determination 
Embden’s strychnine molybdate reagent. This is prepared as 
described by Embden (1) and by Tisdall (9). The reagent should 
191 
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not be prepared fresh before each analysis, as a considerable pre- 
cipitate forms in the first 24 hours after mixing of the strychnine 
nitrate solution and the molybdate solution. After this period of 
time the mixed reagent is filtered through acid-washed filter paper. 
The strychnine molybdate reagent can be used for at least 4 months, 
although slight formation of precipitate continues to take place. 
The reagent when used should be absolutely clear; it is convenient 
to filter a small portion of the stock solution immediately before 
use.! 

0.04 per cent aqueous filtered solution of phenol red. 

Merck’s Blue Label 28 per cent ammonia water. 

Approximately 1 n hydrochloric acid. 

Dilute nitric acid. 1 cc. of concentrated nitric acid, tested for 
freedom from phosphoric acid, is diluted to 100 ce. with distilled 
water. 

Acetone, distilled. 

For Precipitation of Blood or Plasma Proteins 

10 per cent solution of phosphorus-free trichloroacetic acid. 
The trichloroacetic acid must be purified by distillation, as all 
commercial samples examined contained so much phosphorus as 
to interfere greatly with the analysis of the small amounts of phos- 
phorus to which the gasometric method is applied. The distilla- 
tion is performed in vacuo, the distilling flask containing the tri- 
chloroacetic acid being immersed in an oil bath of a temperature 
of about 130°. The purified acid is preserved in paraffin-sealed 
glass-stoppered bottles. A 10 per cent solution is prepared as 
described by Wakefield and Power (12) by melting the solid acid 
in a water bath at 60—-65° and transferring 5 cc. to water by means 
of a previously warmed pipette, and diluting the solution with 
water to 80 cc. in a measuring cylinder. 


1 In most publications, except that of Tisdall (9), the fresh preparation 
of the mixed strychnine molybdate reagent before each analysis is empha- 
sized. This feature might be a necessary one in the original application of 
the strychnine molybdate precipitation of phosphoric acid to direct colori- 
metric determination of the turbidity of the unflocculated precipitate by 
Pouget and Chouchak (6), as the reagent turns yellow in less than 1 hour 
after mixing of the components. In other analyses, however, it would, as 
mentioned above, appear to be a disadvantage to prepare the mixed reagent 
immediately before use. The yellow color of the reagent is unimportant in 
analyses in which direct colorimetry is not employed. 
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For Digestion of Organic Phosphorus Compounds 

Sulfuric-nitric acid digestion mixture. Equal volumes of highest 
purity sulfuric and nitric acids, tested for freedom from phosphoric 
acids. 

Concentrated nitric acid, phosphorus-free. 


Procedure 


In all analyses the sample is neutralized to phenol red, made up 
to 6 ec. volume, and 2 ec. of Embden’s strychnine molybdate re- 
agent added. The precipitate is transferred to an asbestos filter 
and washed with 1 per cent nitric acid. The washed precipitate 
is redissolved in acetone, in which it was found to be readily soluble. 
The acetone solution is transferred by suction to a combustion 
tube, the acetone evaporated, and the carbon of the strychnine 
is determined by the manometric combustion method. The 
phosphorus content is calculated from the carbon value. The 
carbon content which we have found in this precipitate indicates 
3.5 molecules of strychnine and 73.5 atoms of carbon per atom 
of phosphorus, so that minute amounts of phosphorus can be 
easily determined. 

The essential difference in the preparation of the sample from 
the procedure described by Embden, besides the use of a filtered 
strychnine molybdate reagent, has been the washing of the precip- 
itate with 1 per cent nitrie acid instead of washing with ice-cold 
1:5 diluted reagent followed by ice water. This substitution was 
found necessary, because it was regularly noticed that a turbidity 
developed directly under the asbestos filter during the subsequent 
washings with distilled water. This turbidity is caused by pre- 
cipitation of the reagent itself, and occurs when the dilute strych- 
nine molybdate reagent. is further diluted with water. The use 
of ice-cold washing solutions was not found necessary. 

Preparation of Blood or Plasma Filtrate—1 cc. of whole blood, 
plasma, or serum is measured into a 10 cc. volumetric flask con- 
taining 5 cc. of 10 per cent trichloroacetic acid. The flask is filled 
to the mark with water, and, after about 15 minutes, the contents 
are filtered through a small acid-washed filter paper. In analyses 
of normal blood or plasma 3 ce. of the filtrate are used for each 
determination. 

In analysis of whole blood or cells the usual precautions for pre- 
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venting hydrolysis of acid-soluble organic phosphorus compounds 
must be observed (5). 

Preparation of Urine Filtrate—2 cc. of urine, well mixed to 
suspend any insoluble phosphates, are measured into a 100 ce. 
volumetric flask containing 10 cc. of a 10 per cent solution of 
trichloroacetic acid. The acid serves to dissolve any precipitated 
phosphate and to precipitate any protein present. After 10 
minutes the flask is filled to the mark with water and, if necessary, 
the solution is filtered. 1 to 5 cc. of the filtrate, representing 
0.02 ec. of urine per cc. of the solution, are measured into a 
centrifuge tube. 

Neutralization of Trichloroacetic Acid Blood or Urine Filtrate— 
To the filtrate in a 15 cc. centrifuge tube, calibrated at 6 cc. volume, 
is added 1 drop of the 0.04 per cent phenol red indicator solution, 
followed by 1 drop of strong ammonia water. The ammonia addi- 
tion causes the color of the solution to change from yellow to red. 
1 n hydrochloric acid is now added drop by drop until the color 
changes back to yellow, after which the solution is made up to 6 
ec. volume with water. 

Precipitation of Strychnine Phosphomolybdate—2 ce. of the 
strychnine molydate reagent are added rapidly to the 6 ce. of solu- 
tion. After the addition the contents of the tube are thoroughly 
mixed. This can be best accomplished by rotating the tube 
around its axis while the tube is held in an oblique position. The 
tube is permitted to stand for 20 to 45 minutes to complete the 
precipitation, and the process of mixing is repeated once or twice 
during this period. 20 minutes suffice for complete precipitation 
of the maximum amounts of phosphorus which can be determined 
in the manometric gas apparatus, while longer precipitation times 
than 1 hour may cause slight resolution of the precipitate. If the 
contents are mixed as described above, a flocculent precipitate 
forms within a few minutes and settles quickly to the bottom. 

Transfer of Strychnine Phosphomolybdate Precipitate to Asbestos 
Filter and Washing of Precipitate—For transfer and washing of the 
strychnine phosphomolybdate precipitate an apparatus similar to 
that described by Pregl ((7) Figs. 23-b, 24, pp. 110, 120) for trans- 
fer and washing of halogen silver precipitates is used (see Fig. 1). 
The ground glass stopper sealed to the filter tube fits both the 
vacuum flask and the combustion tubes. The filter tube contains 
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s a lower layer of well packed coarse asbestos and an upper layer of 
fine asbestos (see Fig.1). This asbestos filter tube was found much 
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Fie. 1. Apparatus for transfer and washing of strychnine phospho- 
molybdate precipitate. Obtainable from Eimer and Amend, New York. 
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more practical than various kinds of sintered glass filters tried. 
The filtration could be more rapidly accomplished through the 
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asbestos mat than through glass filters of a porosity sufficiently fine 
to retain the precipitate. A single asbestos packing may serve 
for about 200 filtrations. Rather strong vacuum suction can be 
applied without danger of loss of material. The transfer of the 8 
cc. of fluid requires about 2 minutes. The tip of the transferring 
tube is first brought into contact with the precipitate at the bot- 
tom of the tube, so that the supernatant, nearly clear, fluid may 
serve as washing solution. Any remaining particles of precipitate 
in the centrifuge tube are transferred by means of three 0.5 cc. 
samples of dilute 1 per cent nitric acid, the third portion of washing 
fluid being used for washing the outside of the immersed part of the 
transferring tube. Two more 0.5 cc. portions of nitric acid are 
afterwards added directly to the cup of the filter tube, care being 
taken to wash the walls of the cup. These last washings are fil- 
tered through rather slowly and are followed by two 0.5 ce. 
washing samples of distilled water, likewise added directly to the 
filter cup. The last washings should be color-free. 

Dissolving of Precipitate and Transfer of Sample to Combustion 
Tube—The filter tube is removed from the suction flask, the out- 
side of the capillary under the stem is washed once with water, and 
the stem is inserted into the ground neck of the combustion tube. 
0.7 ec. of redistilled acetone is pipetted onto the precipitate in the 
filter tube, and the precipitate and the upper, fine portion of the 
asbestos are stirred up with a small pointed glass rod. The pre- 
cipitate dissolves rapidly and the acetone is transferred by suction 
to the combustion tube. Two similar acetone additions of 0.5 
ec. each are made, the asbestos and precipitate each time being 
stirred up thoroughly. After the third portion of acetone has been 
passed through the filter, 0.5 cc. of distilled water is added and the 
upper layer of asbestos is again stirred up; this aqueous acetone 
causes solution of a small fraction of the precipitate which does 
not dissolve in absolute acetone. After two more 0.5 cc. acetone 
samples have been sucked through the asbestos mat, the outside 
of the tube below the ground glass stopper is washed with a few 
drops of acetone. The last washing sample passes through the 
asbestos filter free of color. The total time involved in transferring, 
washing, and dissolving the strychnine molybdate precipitate is 
approximately 10 minutes. 

Evaporation of Acetone—The combustion tube is immersed 1 
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inch into hot water in a beaker on a steam bath, and the sample is 
evaporated to dryness. As the sample already contains water, 
further addition for complete removal of the organic solvent is 
not necessary. After cooling, the tube is ready for combustion. 
Combustion—2.5 minutes suffice for complete combustion. 


TasBie I 


For Calculation of Phosphorus from Poo, Obtained at 2 Cc. Volume after Wet 
Combustion of Strychnine Phosphomolybdate Precipitate 








Factors by which mm. Pgo, are multiplied to give mg. phosphorus 
Temperature in sample analyzed 

"Cc. 

15 : 000005190 
16 5162 
17 5134 
18 5106 
19 5078 
20 5053 
21 5025 
22 5000 
23 0.00004972 
24 4947 
25 4923 
26 4899 
27 4877 
28 4852 
29 4831 
30 4806 
31 4785 
32 4764 
33 4746 
34 4725 








Blank—A blank is run with each series of analyses, distilled 
water being used instead of the phosphoric acid sample. This 
blank includes both the ¢ correction of the gasometric carbon 
analysis and a blank caused by the minute amounts of phosphoric 
acid in the reagents. The CO, pressure from phosphoric acid 
impurities gave a reading of about 8 mm. at the 2 cc. mark with 
the reagents used. The blank from such impurities has been quite 
constant. 
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Calculation—Mg. phosphorus in sample = mg. carbon found/ 
28.4. 

The phosphorus content of the sample may be calculated directly 
from the factors given in Table I. These factors are obtained by 
dividing the factors for calculation of carbon by 28.4. 

Cleaning of Filter Tube—The filter tube requires no cleaning with 
cleaning mixture. 1 cc. of water is passed through the asbestos 
mat after each analysis to remove traces of acetone. 

Average Error—The ervor of the analysis is usually of the magni- 
tude of +0.5 per cent. 


Determination of Phosphorus in Organic Compounds 

Digestion of Organic Matter—This is done by Neumann’s wet 
ashing method as described by Van Slyke, Hiller, and Berthelsen 
(10). 0.2 cc. of whole blood or 0.5 ce. of plasma is pipetted into a 
200 X 15 mm. Pyrex tube which has been previously calibrated at 
25cc. Each tube is constricted to 10 to 12 mm. in diameter at the 
calibration mark and is identical with the tubes used for digestion 
in the manometric total base analysis. 1 cc. of the sulfuric-nitric 
acid digestion mixture is added, together with a Pyrex glass bead 
to prevent bumping. The tube is heated with a microburner until 
a dark brown color appears. It is then removed from the flame 
and, while hot, more nitric acid is added, a drop at a time, and the 
digestion continued. This process is repeated two or three times 
until the liquid is perfectly clear. The heating is continued until 
white fumes appear and then for 10 minutes longer. Just enough 
heat is applied to keep the tube filled with white fumes, but not 
enough to drive them out of the tube. Extra addition of sulfuric 
acid is unnecessary and should be avoided to prevent a too great 
concentration of ammonium sulfate in the diluted and neutralized 
digest, as concentrated solutions of ammonium sulfate may in 
themselves ‘cause precipitation of the strychnine molybdate re- 
agent. 

Neutralization of the Digest—To the cooled digest are added 5 
cc. of distilled water and 1 drop of the phenol red solution.? Con- 


* Phenol red is preferred as indicator to brom-phenol blue in neutraliza- 
tion of the acid digest. It was found that brom-phenol blue when added to 
the strongly acid digest might split off free bromine, which would subse- 
quently cause precipitation of the strychnine molybdate reagent 
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centrated ammonia water is then added drop by drop. The solu- 
tion in the presence of much strong acid is first rose-colored. As 
ammonia is added it assumes the usual yellow color of dilute acid 
solutions, and when excess ammonia is present the alkaline red 
color of the indicator appears. Enough 1 n hydrochloric acid is 
added drop by drop to turn the solution acid to phenol red. The 
contents of the tube are again cooled and afterwards made up to 
25 cc. volume. After thorough mixing, a 6 cc. sample is measured 
out for precipitation. 




















Taste II 
Analysis of Standard Phosphate Solutions 
; Phosphorus found P deviati 
Phosphorus in sample Carbon found — a me. mtg bane om 
mg. mg. mg. 

0.0100 0.2822 0.009937 —0.63 
0.0100 0.2838 0.009993 —0.07 
0.0100 0.2820 0.009930 —0.70 
0.0100 0.2830 0.009965 —0.35 
0.0100 0.2846 0.010021 +0.21 
0.0100 0.2852 0.010042 +0.42 
0.0150 0.4228 0.014887 —0.75 
0.0150 0.4229 0.014891 —0.73 
0.0200 0.5680 0.020000 +0.00 
0.0200 0.5700 0.020070 +0.35 
0.0200 0.5664 0.019944 —0.28 
0.0200 0.5720 0.020141 +0.70 

* Results 


The results of analyses of standard phosphate solutions are given 
in Table II. Two different standard solutions (Merck’s and 
Kahlbaum’s monobasic potassium phosphate) and strychnine 
molybdate solutions were used. The recovery of phosphate added 
to normal plasma is given in Table III. In Table IV results ob- 
tained by the gasometric method in analyses of normal urines are 
compared with gravimetric phosphorus determinations by the 
method of Mathison (3) in the modification of MacKay and Butler 
(2). The gasometric results are slightly higher than the gravimetric, 
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Taste III 
Recovery by Gasometric Method of Phosphate Added to Human Plasma 
. Phosphi 
P — in sample, Phosphorus vr... & 
ee. mg. mg. per cent | mg. per cent 
Original plasma 0.3 0.01178 3.927 
0.3 0.01175 3.917 3.922 
After addition of 3.334 mg. 0.2 0.01453 7.265 
phosphate phosphorus per 0.2 0.01466 7.330 7.297 
100 cc. plasma 

















Recovered, 3.375 mg. per cent phosphorus or 101.2 per cent 





TaBLe IV 


Comparison of Gasometric Phosphate Phosphorus Determination in Urine 
with Gravimetric Determination by Method of Mathison in Modifica- 
tion of MacKay and Butler (2) 








rae Phospho: 
Urine No. Method Dilution in | insemple | Phosphorus 
sample 
ce. mg mg. per cent 
1 Gasometric 0.02 0.01440 72.00 
° 0.02 0.01443 72.15 
Gravimetric 50.00 35.58 71.16 
* 50.00 35.74 71.48 
2 Gasometric 0.02 0.01266 63.30 
Gravimetric 50.00 31.18 62.36 
‘ie 50.00 31.04 62.07 
3 Gasometric 0.02 0.01263 63.15 
- 0.02 0.01277 63.85 
Gravimetric 50.00 31.18 62.36 
- 50.00 31.15 62.30 
4 Gasometric 0.02 0.01649 82.45 
- 0.02 0.01651 82.55 
Gravimetric 50.00 40.23 80.46 
* 50.00 40.76 81.52 
Standard phosphate solu- | Gravimetric 50.00 | 49.07 98.14 
tion containing 1 mg. ” 50.00 48.93 97.86 


phosphorus, per cc. 
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but probably represent the truer values, as gravimetric analyses 
of standard phosphate solutions by the same procedure constantly 
gave results lower than the theoretical. 


SUMMARY 


Phosphoric acid is determined by precipitation with strychnine 
molybdate and wet combustion of the precipitate by the gasometric 
method of Van Slyke, Page, and Kirk (11). The phosphorus con- 
tent is calculated from the carbon content of the sample. The 
method is applicable to analyses of samples containing 0.005 to 
0.02 mg. of phosphorus. With samples of 0.01 to 0.02 mg. of 
phosphorus, the average error is +0.5 per cent. 
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GASOMETRIC MICRODETERMINATION OF LIPIDS IN 
PLASMA, BLOOD CELLS, AND TISSUES 


By ESBEN KIRK, IRVINE H. PAGE, anp DONALD D. VAN SLYKE 


(From the Hospital of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 18, 1934) 
Outline of Analyses 


The lipids are extracted from plasma with alcohol-ether mixture 
by Bloor’s (1914) method as somewhat modified by Man and 
Gildea (1932-33). A portion of the alcohol-ether extract is saponi- 
fied and used for total cholesterol precipitation by Windaus’ (1909) 
digitonin method. The digitonide precipitate is measured by its 
carbon content, which is determined by the manometric micro- 
combustion method of Van Slyke, Page, and Kirk (1933). 

In estimation of the other lipid fractions the alcohol-ether extract 
is freed of non-lipid substances by driving off the solvent at a 
temperature not exceeding 60° and redissolving the lipids in the 
residue with petroleum ether. Aliquots of the petroleum ether 
solution are analyzed as follows: The total lipids are estimated by 
determination of the total non-volatile carbon. The free choles- 
terol is determined by digitonin precipitation without saponifica- 
tion. Lipid amino nitrogen (of cephalin and perhaps other amino 
lipids) is estimated by- driving off the solvent, emulsifying the 
residue in water, and determining the aliphatic amino nitrogen by 
the micromanometric nitrous acid procedure of Van Slyke (1929). 
The total phosphatides are estimated from the phosphorus content 
of the lipid mixture. For this purpose the organic matter is de- 
stroyed and the phosphoric acid in the residue is determined by the 
procedure of Kirk (1934), in which strychnine phosphomolybdate 
is precipitated and its amount is estimated by manometric deter- 
mination of the carbon in the precipitate. We have found this 
procedure more exact than methods based on precipitation of the 
phosphatides with acetone plus magnesium chloride (Bloor, 1929) 
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or calcium chloride (Katsura et al., 1933). Like Boyd (1931), we 
have been unable to find conditions for quantitative precipitation 
by these procedures of such minute amounts of phosphatides as we 
have desired to determine. We have, however, been able to ob- 
tain nearly quantitative results by precipitating larger samples of 
phosphatides, such as were employed by Bloor (1929). A full 
discussion of the acetone-MgCl, precipitation of the phosphatides 
will be given later, together with a procedure for gasometric esti- 
mation of the precipitated phosphatides. 

In the carbon combustions by the method of Van Slyke, Page, 
and Kirk (1933), a combustion period of 2.5 minutes was found to 
be sufficient for all determinations described in this paper. Blanks 
must be run on the volatile organic solvents in which the lipid 
samples are dissolved. 10 cc. of solvent should not leave enough 
organic non-volatile residue to give a measurable pressure at 2 ce. 
volume. 

All pieces of apparatus which come into contact with the lipid 
material are initially cleaned in chromic-sulfuric acid. If the 
combustion tube at the end of each analysis is immediately pro- 
tected from contamination with dust, rinsing with distilled water 
suffices to clean the tube for the next analysis. The detached tube 
may conveniently be placed in a 400 cc. beaker, which is covered 
by a watch-glass or a crystallizing dish or may be kept inverted in 
a metal rack stand in contact with a clean towel. The filter tube, 
used for washing the strychnine phosphomolybdate precipitate, 
is washed with water after each analysis to remove traces of acetone. 
It requires no cleaning with chromic-sulfuric acid. 

The small amount of material (0.2 to 0.6 mg. of carbon) required 
for carbon determination, exact to 1 part in 200, makes it possible 
to obtain accurate results for total lipids with the extract from 0.05 
ec. of blood, and for cholesterol with the extract from 0.15 ce. 
3 cc. of plasma suffice for determination of all the lipid fractions 
mentioned above, with duplicate analyses in each case. 


Reagents for Lipid Extraction 


Alcohol-ether 3:1. 3 volumes of redistilled 95 per cent alcohol 
and 1 volume of redistilled ether, as used by Bloor. 

Petroleum ether. Commercial petroleum ether which distils at 
between 30-60° is washed by shaking with concentrated sulfuric 
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acid (200 cc. of sulfuric acid for 1500 ce. of petroleum ether). This 
can be conveniently done in large glass-stoppered bottles. The 
petroleum ether should be left in contact with the sulfuric acid for 
at least 2 days, during which period the bottle is frequently shaken. 
The petroleum ether is then decanted off and distilled. 

Sand, purified from organic material by ignition. 

Fat-free filter paper (extracted with ether). 


Reagents for Cholesterol Saponification and Precipitation 


Saturated solution of sodium hydroxide in 95 per cent alcohol. 
This solution is kept in a glass bottle, stoppered by a vaseline- 
greased glass stopper (to prevent precipitation of carbonates). The 
bottle is kept in the dark. The solution should be discarded if it 
turns yellow. 

0.04 per cent aqueous filtered solution of phenol red. 

Approximately 1 n hydrochloric acid. 

1 per cent solution of Merck’s digitonin in 50 per cent redistilled 
alcohol. In preparing this reagent it is usually necessary to heat 
the solution slightly. 

Ether, redistilled. 


Reagents for Lipid Nitrogen 

For micro-Kjeldahl digestion. To 10 volumes of the 3:1 sul- 
furic-phosphoric acid mixture of Van Slyke (1926-27) is added 1 
volume of a 1 per cent solution of metallic selenium in concentrated 
sulfuric acid. The selenium catalyzes the digestion of the other- 
wise somewhat resistant fatty acids. 

For lipid amino nitrogen. The reagents are those for the mano- 
metric amino nitrogen method described by Van Slyke (1929) and 
by Peters and Van Slyke (1932). 


Reagents for Lipoid Phosphorus 
The reagents are described in the accompanying paper by Kirk 
(1934). 
Special Apparatus Required 
Apparatus for Microdetermination of Total Lipids Only 


Two Jena sintered glass filters, No. 4-G-4, 2 cm. in diameter, 
with ground joints. 
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Two 25 ce. volumetric flasks with ground joints to fit the sin- 
tered glass filters. 


Apparatus for Complete Lipid Analyses 


For Extraction of Lipids 

Two 100 cc. volumetric flasks with ground joints. 

Two water-cooled Graham condensers with ground joints to 
fit 100 ec. flasks. 

For Preparation of Petroleum Ether Extract 

Several 1000 cc. Pyrex beakers. 

Two Jena sintered glass filters, No. 17-G-4, 7 cm. in diameter, 
with ground joints (Fig. 5). 

Two 100 cc. volumetric suction flasks with ground joints to fit 
the sintered glass filters. 


For Storing of Petroleum Ether Extract 


Several 125 cc. glass-stoppered bottles. 

For Estimation of Total Lipid, Cholesterol, and Phosphorus (Strych- 
nine Molybdate) by Carbon Combustion 

Several combustion tubes (described by Van Slyke, Page, and 
Kirk (1933)). 

For Saponification and Estimation of Total Cholesterol 

Several ordinary Pyrex test-tubes 175 X 25 mm. 

One transfer tube sealed into glass stopper (Fig. 1). 

One 25 cc. volumetric flask with ground joint to fit transfer tube 
stopper. 

For Washing of Cholesterol Digitonide 

Several filter sticks with detachable alundum filter disks (Fig. 3). 

For Digestion, Precipitation, and Washing of Lipoid Phosphorus 

Several 200 X 25 mm. Pyrex digestion tubes with constriction 
at the 25 cc. mark. 

Several standard Pyrex glass beads (ordinary glass does not 
suffice). 

Several 15 cc. centrifuge tubes for precipitation. 

One Pregl asbestos filter tube with ground joint (Fig. 1, Kirk, 
1934). 

One 250 ce. Erlenmeyer flask ‘vith ground joint. 

For Lipid Total Nitrogen—Several 250 X 25 mm. Pyrex diges- 
tion tubes for micro-Kjeldahl digestion. 








bl 








id 


on 


10t 


rk, 


es- 








Kirk, Page, and Van Slyke 207 


For Lipid Amino Nitrogen—Several 150 cc. beakers. 
One Van Slyke-Neill manometric apparatus serves for the final 
determination of all fractions. 


Preparation of Plasma Extracts 


Drawing Blood for Analysis—Heparin is used instead of oxalate 
as anticoagulant because oxalate may combine with some of the 
phosphatides (MacLean and MacLean, 1927). According to Shope 
(1928) both oxalate and citrate may cause partial saponification of 
the cholesterol esters. Man and Gildea (1932-33) also found dis- 
tinctly lower values for total fatty acids in oxalated plasma than in 
heparinized plasma and serum. Heparinized plasma is pre- 
ferred to serum, because of the possibility that cephalin might be 
influenced by the process of coagulation. Furthermore, the use 
of plasma permits the immediate separation of cells, so that little 
time is given for phosphorus compounds of the cells to enter the 
plasma. To determine whether heparin offered the same pro- 
tection as citrate against disintegration of the platelets (and conse- 
quent contamination of the plasma by cephalin contained in the 
platelets), the lipid amino nitrogen content of a heparinized plasma 
sample was compared with that of a citrated sample of the same 
plasma. Practically identical values were found in the two sam- 
ples. Heparin is also preferred to citrate as anticoagulant in order 
to avoid changes in the water content of the plasma due to the salt 
effect: in the comparative analysis of the heparinized and citrated 
plasma mentioned above 13 per cent higher values for total fat 
were found in the heparinized than in the citrated sample. 

When a complete analysis including all the lipid fractions de- 
scribed below is to be made, enough blood is drawn to yield 3 cc. of 
clear plasma. This will-provide material for duplicate analyses. 
If only a part of the fractions described is to be determined, the 
blood sample may be correspondingly diminished. The volumes 
of normal plasma represented in the amounts of ether-alcohol 
extract used for single determinations are as follows: total lipids, 
0.045 ce.; total cholesterol, 0.06 cc. (the equivalent of 0.15 ce. is 
used for saponification) ; free cholesterol, 0.1125 cc.; total phos- 
phatides, 0.054 cc. (the equivalent of 0.225 cc. of plasma is used for 
each digestion) ; total lipid nitrogen, 0.225 cc.; lipid amino nitrogen, 
0.45 ce. 
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Separation of Cells and Plasma—aAs soon as possible after it is 
drawn, the blood sample is centrifuged in a 15 cc. centrifuge tube. 
45 minutes centrifugation at 2000 r.p.M. are sufficient to leave in 
suspension in the plasma less than 1 per cent of the original number 
of platelets. The separation of platelets from the plasma must 
be complete,or too high values for plasma lipid amino nitrogen will 
result. Also, in pipetting off the supernatant plasma care is taken 
to prevent elements from the buffy layer over the red cells from 
contaminating the sample. 


Extraction of Lipids from Plasma 


For the complete analysis 3 cc. of plasma are added drop by 
drop to 75 cc. of redistilled aleohol-ether mixture (3:1) in a volu- 
metric flask, which is calibrated at 100 cc. volume and provided 
with a neck ground to fit a water-cooled condenser. During the 
addition of the plasma the mixture is agitated thoroughly to ob- 
tain a finely divided precipitate. Two clean glass beads are added 
to produce even boiling. The alcohol and ether are then allowed 
to refluxforlhour. After this period the condenser is rinsed twice 
with alcohol-ether and the flask is cooled to room temperature. 
The content is made up to volume with alcohol-ether, and, after 
thorough mixing, is quickly filtered through a fat-free filter paper 
into a glass-stoppered clean bottle. Approximately 90 cc. of fil- 
trate are obtained. This filtrate, each cc. of which represents 0.03 
ec. of plasma, will be termed A-E Extract A. 

If only total lipids are to be determined, 0.2 cc. of plasma may be 
extracted with 10 ce. of aleohol-ether in a 25 cc. volumetric flask 
and made up to 25 ce. for filtration. The extraction is most con- 
veniently made by immersing the volumetric flask into a beaker 
with boiling water and keeping the flask immersed for a few sec- 
onds after the contents have started boiling. The addition of a 
glass bead prevents bumping. The filtrate, each cc. of which 
represents 0.008 cc. of plasma, will be termed A-E Extract B. 
Values for total plasma lipids obtained by this microprocedure 
agree within 2 per cent with values obtained by analysis of A-E 
Extract A. 


Extraction of Lipids from Blood Corpuscles 


After centrifugation of the blood sample and syphoning off of 
the plasma, the buffy coat and the upper 3 mm. of the compact 
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layer of red blood cells are removed by suction. By means of a 
pipette with a wide opening 3 to 3.5 cc. of cells are transferred to a 
20 cc. beaker which has been previously weighed to within 1 mg. 
As much of the sample is used as will leave the pipette without dif- 
ficulty ; the exact size of the sample is estimated by renewed weigh- 
ing of the beaker. 3 cc. of sand, purified from organic material 
by ignition, are added to the cells in the beaker and the whole is 
thoroughly mixed by stirring with a glass rod. A semiliquid mix- 
ture results which can easily be poured into the extraction flask 
with the help of the stirring rod. The small amount of residue 
left in the beaker is transferred to the extraction flask with two 
successive portions of 4 cc. of water, the water also being used to 
rinse the glass rod. When the transfer is completed, the contents 
of the extraction flask are mixed by vigorous shaking to insure 
complete laking of the cells. The alcohol-ether extraction fluid is 
then added slowly with frequent shaking. A glass stopper is 
inserted and the contents of the flask again vigorously shaken for 
half a minute to insure a finely divided precipitate, after which 
the mixture is boiled under a reflux condenser. 

After the reflux extraction is completed, the contents are as usual 
made up to 100 ce. volume, after which an extra 3 cc. of the alcohol- 
ether mixture is measured into the flask to compensate for the 3 
ec. of sand used. 


Extraction of Lipids from Tissues 


The instructions given by Bloor (1929, p. 278) for weighing and 
grinding of the sample are followed. 3 cc. of ignited sand are 
mixed with the sample. 300 mg. of liver, kidney, pancreas, or 
heart are used for reflux extraction with 75 cc. of alcohol-ether, 
making a final volume of-103 cc. 


Total Cholesterol in Alcohol-Ether Plasma Extract 


Saponification of Cholesterol Esters—5 cc. of A-E Extract A are 
pipetted into a Pyrex test-tube (175 X 22 mm.) and 2 ce. of a 
saturated solution of sodium hydroxide in redistilled 95 per cent 
alcohol are added. The test-tube is partly immersed for 24 hours 
in water at 85°, or, more conveniently, placed in an electric oven at 
85°. When the contents of the tube have been reduced to about 
3 ec., a cork stopper covered with tin-foil is firmly inserted 
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into the opening of the tube. The stopper is provided with a 
small furrow to allow escape of alcohol vapors. 

The total cholesterol could also be determined in the petroleum 
ether solution of purified lipids, instead of in the total alcohol- 
ether extract, but there are advantages in using the latter. It 
permits one to begin saponification as soon as the plasma is ex- 
tracted. In consequence the saponified mixture for total choles- 
terol is ready for digitonin precipitation at about the same time 
that the Petrol Extract A (see below) is ready for free cholesterol 
precipitation, so that both cholesterol determinations can then 
be carried through together. Also, the alcohol-ether extract mixes 
homogeneously with the alcoholic sodium hydroxide, whereas 
petroleum ether does not; and the conditions of saponification are 
more readily controlled with the alcohol-ether extract. The 
exact control of cholesterol ester saponification has required more 
care than any other step of the analysis. If treatment with alkali 
is not severe enough, which is likely to occur if the temperature 
during the saponification falls much below 85°, saponification is 
incomplete and the total cholesterol yield is low. But if the 
treatment is too severe, some cholesterol is destroyed and the re- 
sults are again toolow. The latter may occur if the volume of the 
saponification mixture becomes too much reduced towards the 
end of the saponification. This is more difficult to avoid if the 
petroleum ether solution is used. 

Neutralization of Alkali—After 2} hours the tube is cooled and 
2 drops of a 0.04 per cent aqueous phenol red solution added. The 
contents of the tube are then neutralized with 1 nN hydrochloric 
acid. 

Extraction of Cholesterol with Petroleum Ether—From the saponi- 
fied solution the total cholesterol is extracted by means of five 
successive 5 cc. portions of petroleum ether, and is transferred toa 
25 cc. calibrated volumetric flask. The contents of the tube are 
carefully heated with each portion of petroleum ether by immersion 
in a beaker of hot water, and agitated to insure thorough mixing. 
Part of the petroleum ether evaporates; the rest is drawn as com- 
pletely as possible into the 25 ce. flask, as shown in Fig. 1. Care 
must be taken to prevent drops of the water-alcohol solution from 
being drawn over into the volumetric flask. So much petroleum 
ether evaporates that the five portions do not fill the 25 cc. flask. 
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After rinsing the capiilary of the transferring tube below the ground 
stem with petroleum ether, the contents of the flask are made up 
to 25 cc. with petroleum ether. A clean ‘ground glass stopper is 
inserted into the flask and the petroleum ether solution is mixed. 
If the plasma is normal, a 10 cc. sample of petroleum ether, repre- 
senting 0.06 cc. of plasma, is pipetted into a combustion tube for 
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Fig. 1. Arrangement for drawing lipid extract into volumetric flask. 


digitonin precipitation. If the plasma is lipemic, only 5 cc. of the 
petroleum ether solution are used, representing 0.03 cc. of plasma. 

Note on Washing of Volumetric Flask and Pipette—The volu- 
metric flask and the pipette for measuring out the sample are 
cleaned before each analysis with petroleum ether. The pipette is 
afterwards dried in a current of air. The petroleum ether left over 
in the volumetric flask after pipetting off the sample may be used 
over again after distillation. 
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Precipitation of Cholesterol Digitonide—To the petroleum ether 
sample in the combustion tube is added 0.2 cc. of a 1 per cent 
digitonin solution (in 50 per cent redistilled alcohol). The con- 
tents of the tube are allowed to evaporate at not over 60°. The 
best precipitate is obtained if the evaporation is made very slowly 
(3 to 4 hours or overnight). Under these conditions the precipi- 
tation of the cholesterol is complete. If the evaporation is per- 
formed rapidly, the petroleum ether may creep up towards the 
neck of the tube and escape contact with the alcoholic digitonin 
solution at the bottom of the tube. Suction should not be em- 
ployed during the evaporation as particles of dust are likely to 
be drawn into the tube and would not be removed by the subse- 
quent washings. The temperature during the evaporation must 
not exceed 60°, as higher temperature might render the phospha- 
tides partially insoluble and make the washing of the cholesterol 
digitonide precipitate incomplete. 

Washing of Cholesterol Digitonide Precipitate—5 cc. of redistilled 
ether are added to the residue in the combustion tube and drawn 
up through an immersion filter stick, the lower portion of which, 
containing the alundum filter disk, is detachable (see Fig. 3). 
Several tubes can be washed, each with a separate filter stick, at 
the same time. The suction must be so regulated that the flow 
up into the filter stick is not rapid or bubbling. A total of five 
successive washings with 5 cc. of ether each is made, the filter stick 
being removed from the tube before each new addition. When the 
ether washing of a series of tubes is completed, the waste bottle in 
the vacuum line should be emptied. If this precaution is neg- 
lected, the ether vapors in the waste bottle may expand when the 
later hot water washings enter the bottle, and material on the end 
of the filter stick may be blown off by the back pressure. If this 
occurs at a moment when the stick is held outside the tube, the 
analysis will be lost. 

After the last ether washing the tubes are heated on the steam 
bath to allow escape of any remaining ether before the washings 
with hot water. If the hot water is added to the tube in the pres- 


1 The Liebermann-Burchard reaction on chloroform extract of the con- 
tent of the tube after this has been evaporated to dryness was found nega- 
tive. Also quantitative results were uniformly obtained by analysis of 
cholesterol standard solution. 
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ence of ether, some material may be lost by expulsion with ether 
vapor. When completely dry, the precipitate is washed four times 
with 5 ce. portions of boiling distilled water, the water being drawn 
through the filter stick into the empty waste bottle in the vacuum 
line. After the washings are completed, the lower part of the filter 
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Fig. 2. Filter stick with porous tip not detachable. 
Fia. 3. Filter stick with porous tip detachable. 


stick is pushed off into the bottom of the combustion tube by means 
of aglassrod. The water in the tube is completely evaporated by 
heating the tube in a steam bath, and the sample is ready for com- 
bustion.2 The washing of a sample with ether and water requires 
about 5 minutes.’ 


? If in analysis of a sample with unusually high cholesterol content the 
carbon dioxide developed exceeds the amount which can be measured in the 
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Fig. 4. Arrangement for evaporating alcohol and ether from the alcohol- 
ether extract. 





ordinary Van Slyke-Neill chamber, the duplicate cholesterol digitonide 
sample may be saved by redissolving the precipitate in hot absolute alcohol 
and performing the non-volatile carbon determination on an aliquot of the 
solution. 

3 If instead of a detachable filter stick a non-detachable one is used (see 
Fig. 2), the precipitate adhering to the end of the filter and to the outside 
of the filter stick may be redissolved and washed into the combustion tube 
by means of hot absolute alcohol, 1 to 2 cc. portions of which are alternately 
poured into the tube of the filter stick and over the outside of the tip of the 
filter. The absolute alcohol is afterwards evaporated on the steam bath 
and the residue determined by combustion. Care should be taken not to 
touch the stick with the fingers within 2 inches from the tip, and, in pouring 
the alcohol into the filter stick, to avoid drops running down the outside of 
the stick and getting into contact with the fingers. The use of a filter stick 
with a non-detachable tip is, however, quite tedious, about 20 minutes being 
required for the preparation of each sample. Idertical results are obtained 
by both procedures. 
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Note on Combustion of Cholesterol Digitonide, Prepared As De- 
scribed Above—When the 1 cc. of combustion fluid is added to the 
tube containing the end of the detachable filter stick, care should 
be taken not to deliver the fluid into the open end of the filter tube, 
as too little fluid will remain outside the filter to insure contact 
with the cholesterol digitonide precipitate left on the walls of the 
combustion tube. To prevent breaking of the glass filter the tube is 
not shaken during the combustion, but complete contact between 
the combustion fluid and the walls of the combustion tube is 
secured by vigorous lowering of the mercury leveling bulb. 

If this precaution is observed, one filter stick may serve for many 
analyses. It is advisable to test each filter on a standard choles- 
terol solution before use. The alundum disks in the filter sticks, 
when not in use, have been kept in chromic acid mixture. Prob- 
ably owing to this unnecessary precaution, crumbling of the alun- 
dum has occurred after prolonged use. New alundum disks can 
easily be fused into the same filter sticks. 


Petroleum Ether Extraction of Residue from Alcohol-Ether Extract 


For Determination of Total Fat, Free Cholesterol, Total Lipid Ni- 
trogen, Lipid Amino Nitrogen, and Lipoid Phosphorus 


Evaporation of Alcohol-Ether Extract—75 cc. of A-E Extract A 
are evaporated to dryness in a 1 liter beaker, the bottom of which 
is immersed in water at 60° (Fig. 4). The temperature limit of 
60° was found to be of the greatest importance, as the reextraction 
of the lipids with petroleum ether was found to be incomplete if 
this temperature was exceeded. When the alcohol-ether solvent 
was evaporated at 60° or less, the reextraction of the lipids yielded 
very constant reSults, mueh higher than those obtained if the 
beaker had been heated to 75°. 

It is safe never to allow the temperature to rise above 60°. To 
accelerate evaporation a current of air drawn through a funnel 
may be used with advantage (Fig. 4). About 45 minutes are 
required to evaporate 75 cc. of alcohol-ether to dryness under 
these conditions. 

Reextraction of Alcohol-Ether Residue with Petroleum Ether—The 
lipids of the residue are redissolved by repeated extractions with 
petroleum ether. The first extractions are made with cold, the 














216 Gasometric Microlipids 


last ones with boiling petroleum ether. Each petroleum ether 
portion is filtered through a sintered glass filter (Jena, No. 17-G-4, 
diameter 7 cm., capacity of cup 175 ce.), ground to fit the neck of a 
100 cc. calibrated volumetric flask (see Fig. 5). The filter should 
be of such a porosity as to allow the filtration of the residue from 
75 ce. of aleohol-ether without clogging. It is usually not neces- 
sary to use suction during the filtration. If occasionally the filtra- 
tion is slow, only slight suction should be used. After the extrac- 
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Fig. 5. Arrangement for filtering extract through porous glass funnel. 








tion with petroleum ether is complete, the filter is washed repeatedly 
with petroleum ether, and, after cooling, the contents of the 100 
cc. flask are made up to volume. Each cc. of solution represents 
0.0225 ce. of plasma. The solution will be termed Petrol Extract A. 

Petroleum ether has over ether an advantage in the ease with 
which the former is kept anhydrous. It was also found to have the 
following essential properties for reextraction of the plasma lipids. 
(1) Exclusive solution of lipoid phosphorus. No measurable 
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amount of inorganic phosphorus, sodium glycerophosphate, or 
hexosediphosphate was dissolved by petroleum ether under the 
conditions of the extraction. As shown later, all the phosphorus 
extracted under these conditions from plasma, red blood cells, and 
tissues was found to be precipitable by acetone and magnesium 
chloride under the conditions used to precipitate phosphatides. 
(2) Entire lack of solvent power for amino acids. Petroleum 
ether was found to dissolve no amino nitrogen from a mixture of 
monoamino acids from hydrolyzed casein. (3) The cholesterol 
digitonide was found to be more suitable for filtering and washing 
when it was precipitated from petroleum ether solution than when 
it was precipitated from ether or alcohol solution. (4) The ex- 
traction of the lipids with petroleum ether was complete. Further 
extraction of the residue with ether increased the redissolved car- 
bon by only approximately 1 per cent. The Liebermann-Bur- 
chard reaction was negative in this final ether extract. 

Note on Cleaning of Glass Filter—After each filtration the glass 
filter is cleaned with sulfuric-chromic acid cleaning mixture, and 
afterwards rinsed thoroughly with water. It must be com- 
pletely dried before use. The drying is accomplished by filtering 
successive portions of alcohol, ether, and petroleum ether through 
the filter. 


Total Lipids 


In Petrol Extract A—If the fat content of the blood is normal, 
two 2 ce. samples of Petrol Extract A are pipetted into combustion 
tubes. Each sample represents 0.045 cc. of plasma. If the 
plasma is lipemic, however, only a 1 cc. sample, representing 0.0225 
ec. of plasma, is used. Occasionally heavy lipemia may necessi- 
tate use of still smaller samples. A portion of Petrol Extract A is 
then diluted with petroleum ether and a suitable aliquot is taken. 

After the petroleum ether has been driven off from each tube, 
2 drops of distilled water are added and evaporated to dryness. 
The vapors are finally swept out of the tube with a momentary 
current of air (4 to 5 seconds) and the residues are submitted to 
combustion. 

In Petrol Extract B—Petrol Extract B is prepared from A-E 
Extract B. 20 cc. of the latter are evaporated to dryness in a 
100 ce. beaker at not more than 60°. The residue is stirred up 


ee ee er 








218 Gasometric Microlipids 


with 5 cc. portions of petroleum ether, which are passed through a 
sintered glass filter into a 25 cc. flask and made up to the mark. 
For the combustion 5 cc. portions, representing 0.032 cc. of plasma, 
are taken if the plasma is normal. If it is lipemic, samples of 3 
or 2 cc., representing 0.0192 or 0.0128 cc. of plasma, are taken. 


Free Cholesterol 


For analyses of normal plasma two samples of 5 ce. each of Petrol 
Extract A, representing 0.1125 cc. of plasma, are pipetted into 
combustion tubes. The cholesterol is precipitated with digitonin 
and the precipitate is washed and subjected to combustion as de- 
scribed for the determination of total cholesterol. 

For lipemic bloods, samples of 3 or 2 cc. of Petrol Extract A, 
representing 0.0675 or 0.045 cc. of plasma, may be taken. 


Total Lipid Nitrogen 


For gasometric micro-Kjeldahl analyses duplicate 10 cc. samples 
of Petrol Extract A are measured into 200 X 25 mm. Pyrex test- 
tubes. Two glass beads are added to each, and the samples are 
evaporated to dryness on the steam bath. The evaporation is 
performed slowly to prevent the petroleum ether from creeping. 
When the residue is dry, 1 gm. of potassium persulfate is added in 
substance, followed by 1 cc. of water and 1 cc. of the sulfuric-phos- 
phoric acid-selenium digestion mixture. In adding the water and 
the digestion fluid, care is taken to wash down any persulfate crystals 
which may stick to the walls of the tube. Otherwise, error due to 
development of oxygen gas from undigested persulfate during the 
reaction with hypobromite may occur. Only gentle heating should 
be applied to the tube during the 1st minute of the digestion. Too 
intense initial heating may cause excessive foaming and deposition 
of material high on the inside of the tube, where contact with the 
digestion fluid is difficult to obtain. Even when the heating is 
begun carefully, it is frequently necessary to remove the tube 
temporarily from the flame, and, by holding the tube in an oblique 
position, insure contact between the digestion fluid and particles 
of undigested material on the walls of the tube. The digestion of 
the lipids was found to be complete in 20 minutes. If the sele- 
nium catalyst was omitted from the digestion mixture, digestion 
was slower, and nitrogen values 2 to 3 per cent too low were likely 
to be obtained. 
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Neutralization of the acid-digest is performed as described by 
Van Slyke (1926-27) (also Peters and Van Slyke (1932) pp. 353- 
358). The neutralization should be made immediately after cool- 
ing, and the tubes then closed until ready for the gasometric 
analysis, to prevent absorption of any ammonia from the air. 
For the gasometric analysis the new hypobromite reagent of Van 
Slyke and Kugel (1933) is used. 

A blank is run with each set of reagents. 


Lipid Amino Nitrogen (“Cephalin’’) 


Emulsification of Lipids and Transfer to Manometric Chamber— 
Two samples of 20 cc. each of Petrol Extract A, representing 0.45 
ec. of plasma, are pipetted into 150 cc. beakers and evaporated to 
dryness without heating the outside of the beakers above 60°. 

The residue at the bottom of each beaker is brought into emul- 
sion by addition of 2 cc. of distilled, ammonia-free (tested with 
Nessler’s reagent) water and by stirring with a rubber-tipped glass 
rod. The 2 cc. of lipid suspension are poured from the beaker into 
the cup of the Van Slyke apparatus and slowly admitted to the 
chamber, allowing complete drainage of the walls of the cup. The 
beaker, glass rod, and cup are washed with three successive 1 cc. 
portions of water, making a total volume of 5 cc. Care is taken 
to bring into emulsion any material that might have crept up the 
sides of the beaker. In each of the washings the inside of the cup 
is scrubbed with the rubber-tipped glass rod. Even if the suspen- 
sion is not homogeneous, which is sometimes the case in samples of 
lipemic blood, it will become so after shaking in the chamber with 
acetic acid. The quantitative transfer of the emulsion is easy if 
the material has not been heated above 60°. 

Removal of Air from Mixed Solution of Lipids and Acetic Acid— 
1 ec. of glacial acetic acid is added exactly from an Ostwald pi- 
pette. The manometric chamber is evacuated and shaken for 14 
minutes and the extracted air is ejected. The extraction is once 
repeated, and an additional minute bubble of air is ejected. As the 
lipid suspension shows no tendency to foam, addition of caprylic 
alcohol has not been found necessary. 

Decomposition of Amino Groups—The total reaction time neces- 
sary for complete decomposition of the cephalin amino groups was 
found to be 3 times that for the a-amino groups of amino acids at 
the same temperature (Table I and Fig. 6). 
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Fig. 6. Time required for reaction of cephalin amino group with nitrous 
acid. 
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2 ec. of sodium nitrite solution are measured into the chamber 
from an Ostwald pipette. The chamber is not evacuated immedi- 
ately as in the ordinary amino nitrogen analysis but the solution is 
allowed to remain in the upper portion of the chamber during the 
first 2 minutes of the reaction time. This precaution is taken 
because it was found that otherwise part of the lipid solution 
would stick to the upper portion of the chamber and escape con- 
tact with the nitrite solution. After 2 minutes the chamber is 
evacuated till the mercury in it has fallen to 1 or 2 cm. above the 
50 cc. mark, and is shaken for 15 seconds to insure complete mixing 
of the solutions. As in the ordinary amino nitrogen analysis, the 
reaction mixture is permitted to stand in this position until within 


Tasie I 
Reaction Time for Amino Groups in Cephalin Suspension by Manometric 
Amino Nitrogen Determination of Van Slyke 
Cephalin sample equivalent to 0.4380 mg. of amino nitrogen. 





Period No.* 


Amino nitrogen developed 


Per cent of total 





1 
2 
3 


mg. 
0.3769 
0.4167 
0.4340 


86.0 
95.4 
99.1 











* The temperature during the reaction was 23.6°. Each period lasted 3 
minutes and 18 seconds. The gas developed in each period was collected 
separately. 


1 minute of the end of the reaction time (3 times that of ordinary 
a-amino groups (see Fig. 6)). Two or three times during the reac- 
tion period the mixture is shaken for a few seconds to insure con- 
tact with the film of solution adhering to the walls of the middle 
portion of the chamber. During the last minute the mixture is 
shaken as usual to complete the evolution of the Nz formed. The 
remaining portion of the analysis is identical with that for the 
determination of ordinary a-amino groups. 

From 25 to 30 minutes are required to emulsify the lipid residue, 
transfer it to the manometric chamber, and determine the amino 
nitrogen. 

Blank—With each series of analyses the usual blank is run with 
5 ec. of water instead of the lipid emulsion. Each preparation of 
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petroleum ether used must also be tested by treating 20 cc. as 
described above. It is of the greatest importance to make sure 
that the petroleum ether is sufficiently purified to give a blank 
nearly as low as that of distilled water. It was found that the 
residue of 20 cc. of Kahlbaum’s petroleum ether “for fat deter- 
mination” gave a blank of approximately 120 mm. pressure at the 
0.5 cc. mark. This blank was not caused by any nitrogenous sub- 
stances in the petroleum ether, but was reduced to approximately 
the blank of distilled water when the petroleum ether had been 
purified as described under “Reagents.”’ 

Cleaning of Chamber after Analysis—After each series of analyses 
the manometric chamber is cleaned by filling it with sulfuric- 
chromic acid cleaning mixture, with precautions for preventing 
contact with the rubber connection at the bottom of the chamber, 
as described by Van Slyke and Neill (1924). 


Lipoid Phosphorus 


Principle—The lipids are digested by Neumann’s wet ashing 
procedure, and the phosphoric acid in the digest is determined by 
the gasometric method of Kirk (1934). 

Evaporation—Two samples of 10 cc. each of Petrol Extract A 
are measured into 200 X 15 mm. Pyrex digestion tubes, which 
have previously been calibrated at 25 cc. Each tube is con- 
stricted to 10 to 12 mm. diameter at the calibration mark and 
is identical with the tubes used for digestion in the manometric 
total base determination of Van Slyke, Hiller, and Berthelsen (1927) 
(see Peters and Van Slyke, 1932, p. 403). One Pyrex glass bead is 
added and the petroleum ether is evaporated to dryness on the 
steam bath. (The ordinary type of digestion tubes used for di- 
gestion of the lipids for nitrogen determination may be used instead 
of the calibrated tubes. In this case tubes used for phosphorus 
determination should be kept carefully separated from those used 
in the nitrogen determination, to avoid contamination with phos- 
phoric acid from the sulfuric-phosphoric acid digestion mixture 
used in the Kjeldahl analyses. ) 

Digestion of organic matter and neutralization of the digest is 
carried out as described in the accompanying paper by Kirk (1934). 
1 cc. of water is added to the dry residue, followed by 1 cc. of the 
sulfuric-nitric acid digestion mixture. Further addition of nitric 
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acid to complete the digestion is usually unnecessary. 6 cc. of 
the neutralized digest, representing 0.054 cc. of plasma, are used 
for each analysis. 

A blank must be run on the reagents, with 10 cc. of petroleum 
ether instead of the sample. 

Calculation—The factors for calculation of the various lipid 
fractions are givenin Table II. The factors for total phosphatides 
were obtained by multiplication of the phosphorus factors by 
23.54. 


Mg. carbon in sample = (pi — pe — c) X fearbon 

“ cholesterol in sample = (pi: — pe — Cc) X fSehoiestero! 

“ lipid nitrogen in sample = (p: — po — c) X fms 

“ amino nitrogen in sample = (p: — po — c) X fSamino nitrogen 


“ phosphorus in sample = (p: — po — c) Xf phoaphorus 

“ phosphatide “ " = (pi — po — c) Xf phosphatide 

substance per 100 cc. plasma = (mg. substance in sample) X (100/ 
cc. plasma represented in sample) 


o 


‘ 


z 


The ¢ correction in each analysis represents the blank on the 
whole procedure. 

The f factors are given in the original papers on manometric 
carbon, nitrogen, phosphorus, and NH, determination, but for 
convenience those which apply to the determinations described in 
this paper are collected in Table II. 

For convenience in calculation of the mg. per cent values of the 
different lipid fractions in normal and lipemic plasma Table III is 
included, giving the volume of plasma represented in each sample. 

Calculation of Total Lipid—An approximate value for the total 
lipids can be obtained by multiplying the total petroleum ether- 
soluble carbon by 1.3, on the assumption that the carbon content of 
the mixture is 77 per cent. 

However, the lipids represented include those with carbon con- 
tents varying from 83.9 per cent in the case of cholesterol to 66.2 
per cent in the case of cephalin. Hence it is obvious that the total 
lipid value cannot be calculated accurately by using a single calcu- 
lation factor. In the publication of the manometric carbon method 
factors for calculation of “mixed plasma lipids” were given in 
Table I of that paper. It was, however, pointed out that these 
factors could be used only if the sample analyzed consisted of a 
mixture of cholesterol with either the neutral fats or with the fatty 
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acids obtained after saponification, as in Stoddard’s method, since 
the factors for neutral fat and fatty acids differ by only 1 per cent. 
At the same time the assumption must be made (as does Bloor) 
that the mixture consist of 2 parts of fat to 1 part of cholesterol. 


Taste III 


Volume of A-E Extract A and Petrol Extract A Used for Individual Lipid 
Analyses of Normal and Lipemic Plasma 





Norma! | Lipemic 





Total cholesterol 


For saponification 5 cc. A-E.* Af- | For saponification 5 cc. A-E. After 
ter saponification 10 cc. aliquots saponification 5 cc. aliquots of 
of petroleum ether solution ana- petroleum ether solution analyzed 
lyzed 

~ 0.06 cc. plasma ~ 0.03 ce. plasma 


Free cholesterol 
5 ce. P. E.t ~ 0.1125 cc. plasma | 3 ec. P. E. ~ 0.0675 cc. plasma 


Total fat 
2 ce. P. E. ~ 0.045 cc. plasma | lee. P. E. ~ 0.025 cc. plasma 


Lipid nitrogen 
10 ec. P. E. ~ 0.225 ec. plasma | Same 


Lipoid phosphorus 
10 cc. P. E. used for digestion. 6cc. | Same 
sample of diluted digest ana- 
lyzed 
~ 0.054 cc. plasma 


Lipid amino nitrogen 
20 ce. P. E. ~ 0.45 ce. plasma | Same 





* A-E represents A-E Extract A. 
+ P. E. represents Petrol Extract A. 


We have found it convenient in the daily analyses to report the 
total lipid values simply as “total lipid carbon.” If instead of the 
total lipid carbon value the accurate total lipid value is desired, 
this can be calculated by summation of the individual lipid frac- 
tiens determined in the separate analyses. The fraction remain- 
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ing after the carbon values for cholesterol, cholesterol esters, and 
phosphatides have been subtracted from the “total lipid carbon” 
can be assumed to consist chiefly of neutral fats with a carbon 
content of 76.7 per cent. The calculation will be illustrated by an 
example. 











Cholesterol 
Total lipid carbon Lipoid phosphorus 
Esters | Free 
mg. per cent mg. per cent mg. per cent mg. per cent 
1459 524 194 19.85 








19.85 mg. lipoid phosphorus corresponds to 19.85 X 23.54 = 468 mg. phos- 
phatide or (468 X 66.2)/100 = 310 mg. phosphatide carbon 

524 mg. cholesterol esters contain (524 X 82.5)/100 = 432 mg. carbon 

194 “ ” contain (194 X 83.9)/100 = 163 mg. carbon 

Total lipid carbon from phosphatides, cholesterol esters, and cholesterol = 
905 mg. carbon 

Carbon from neutral fat = 1459 — 905 = 554 mg. 

554 mg. carbon corresponds to (554 X 100)/76.7 = 723 mg. neutral fat 

Total lipid, 468 (phosphatides) + 524 (cholesterol esters) + 194 (free cho- 
lesterol) + 723 (neutral fat) = 1909 mg. per cent 

Total lipid calculated by approximate factor = 1.3 X total carbon = 1.3 X 
1459 = 1897 mg. per cent 


EXPERIMENTAL 


The results of saponification of a standard solution of cholesterol 
palmitate are givenin TableIV. In Table V values obtained by ex- 
traction of thesame plasma by different methods are presented. The 
reflux extraction procedure with the alcohol-ether mixture of Man 
and Gildea as described in this paper gave the highest yield. In 
Table VI the results of duplicate extractions of the same plasma with 
this procedure are given. The quantitative recovery of free choles- 
terol, cholesterol esters, lipid nitrogen, lipid amino nitrogen, and 
lipoid phosphorus is presented in Table VII. The lipids were dis- 
solved in alcohol-ether and added to the extraction fluid before the 
reflux extraction was started. The cholesterol, cholesterol palmi- 
tate (prepared according to Page and Rudy (1930)), and a phos- 
phatide preparation from egg yolk, freshly prepared according to 
MacLean and MacLean (1927), were added to separate aliquots of 
the same plasma. 
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TasBie IV 
Saponification of Cholesterol Palmitate 
Cholesterol in sampie Cholesterol found Deviation from theoretical 
mg. mg. per cent 
0.2490 0.2542 +2.0 
0.2490 0.2528 +1.5 
0.2490 0.2440 —2.0 
0.2490 0.2546 +2.2 
0.2490 0.2528 +1.5 
TABLE V 
Comparison of Results Obtained by Extraction of Same Plasma by Different 
Methods 
Results are expressed in mg. per 100 cc. of plasma. 
Plasma A Plasma B 
Gasometric p= Gasometric —_ 
@ [a] a i la | a 
sf 12./ 4, [alL a) 2, 
3 £ £ £ EGE 
=| 22] 38 $|23| 38 
BEE| EEE 2 
Bloor’s procedure; extraction 
with equal volumes of ab- 
solute alcohol and chloro- 
eR PR Peers 603/27.5} * | 230.7 | 763/42.1| * | 304.6 
Bloor’s procedure ; extraction | 
with alcohol-ether (3:1)... .|°597|30.8)199.5) 235.5 | 759)42.9) 233) 286.9 
Mann and Gildea’s reflux ex- 
traction with alcohol-ether 
(3:1), as described in text..| 600)31.4/202.0} 251.1 | 835/35.1) 252) 308.3 


























* Values for total cholesterol were not obtainable in the chloroform-alco- 
hol extract, probably owing to splitting of the chloroform during the 


saponification. 
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TasBie VI 


Comparison of Results Obtained by Duplicate Extractions of Same Plasma by 
Mann and Gildea’s Reflux Procedure 


Values represent mg. per 100 cc. of plasma. 





Phos- 
Total Free Lipid Total Lipoid phatide 
Material Total fat | choles- | choles- N Ee lipid phos- as 
terol terol nitrogen | nitrogen | phorus phoe- 
phorus 





Plasma A 2061 582 440 6.83 18.06 | 11.65 274 
2072 595 445 6.44 17.44 | 11.51 271 


Plasma B 1360 
1342 
1305 
1358 


























Taste VII 


Recovery by Gasometric Procedure of Cholesterol, Cholesterol Esters, Cephalin 
Nitrogen, Lipid Nitrogen, and Lipoid Phosphorus Added to Plasma 
Values represent mg. per 100 cc. of plasma. 














Pipe Re Eigse Lipid Li pas 
c - oles- ino ; ° “ 
terol terol nitrogen* nitrogen ghaoa? 
EE eee ee 7 67.5 | 162.6 2.64 12.70 3.51 
Ee fh 3.26 10.97 | 25.40 
Calculated....... eerie? i Ul ue kt 5.90 | 23.67] 28.91 
REY ae ..| 296.9 | 274.1 6.18 | 22.84] 28.47 
Deviation, mg. per cent ..| —8.9 | +6.9 | +0.28 | —0.83 | —0.44 

™ per cent............] —2.91 | +2.20 | +4.74 | —3.50 | —1.52 




















* The lipid amino nitrogen, total lipid nitrogen, and lipoid phosphorus 
were added in the form of phosphatide prepared from egg according to 
MacLean and MacLean (1927). 

t The cholesterol ester preparation used for addition was cholesterol 
palmitate, prepared according to Page and Rudy (1930). 


Average Percentage Errors 


The average percentage errors in duplicate analyses of the same 
plasma extract are the following: total lipid, 0.50; free cholesterol, 
0.50; total cholesterol, 2 (error chiefly incurred in saponification) ; 
total lipid nitrogen, 0.75; lipid amino nitrogen (“cephalin nitro- 
gen”), 3; and lipoid phosphorus, 0.75. 
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Comparison of Gasometric Phosphorus Determinations in Petroleum 
Ether Extract with Determinations of Phosphatides Precipitated 
by Acetone-MgCl. According to Procedure of Bloor (1929) 


As mentioned in the introduction to this paper it was not found 
possible to obtain quantitative results by applying the acetone- 
MgCl, precipitation of Bloor to the small amounts of phosphatide 
ordinarily used for the gasometric carbon method. Only about 85 
per cent of the phosphatide carbon wasrecovered after precipitation 
of samples containing about 0.5 mg. of phosphatide. Our results in 
this respect agree with the observations of Boyd. When larger 
samples were used for precipitation, however, as described by 
Bloor, the precipitation of the phosphatide was found to be practi- 
cally complete, with standard solutions of pure phosphatides, with 
mixtures of pure phosphatides and other lipids, and with extracts 
of plasma, red blood corpuscles, and tissues. We were thus able 
fully to confirm Bloor’s statement that, under the conditions pres- 
cribed by him, only a small fraction of the phosphatide (in our analy- 
ses approximately 2.2 per cent) escapes precipitation. In prepara- 
tion of the samples for precipitation the precaution of avoiding 
heating of the alcohol-ether extract residue above 60° was strictly 
observed. Also filtration of the petroleum ether extract through 
a sintered glass filter was preferred to separation of impurities by 
centrifugation and decantation. 

It was soon found, however, in analyses of plasma extracts, that 
if the acetone-MgCl, precipitate was redissolved in moist ether, 
according to Bloor’s directions, the amount of lipid in the final 
ether solution was definitely less than the amount of phosphatide 
calculated from the phosphorus content of the original petroleum 
ether extract (see Table VIII). The precipitation of the phospha- 
tides by acetone-MgCl, was practically complete, but part of the 
precipitated phosphatide did not redissolve in moist ether, in spite of 
the fact that liberal time and care were used in the attempt to 
bring all the precipitate into solution. 

The question arose whether this insoluble portion represented a 
definite lipid fraction. The phosphatides in the petroleum ether 
extract from a large volume of human blood were therefore pre- 
cipitated with acetone-MgCk, according to Bloor. As much as 
possible of the precipitate was redissolved in moist ether. A residue 
remained and was dissolved in hot alcohol. Aliquots of the alco- 
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holic solution were analyzed for nitrogen and phosphorus. The 
N:P ratio found was 0.875 (instead of the usual ratio for cephalin 
and lecithin of 0.438), showing this fraction to be a diaminomono- 
phosphatide. 


Tasie VIII 
Comparison of Phosphatide Values of Plasma Obtained by Bloor’s Isolation 
Method and Oxidative Procedure with Values Calculated from Gaso- 
metric Phosphorus Estimations Performed on Same Petroleum 
Ether Extracts 























Plasma phosphatide found 
7 Acetone-MgCl. 
a santaliche. A Total precipitate Deviation 
. solved in moist calculated as 
ether. Deter- gasometric phos- 
mined by Bloor's |phorus X (100/4.17) 
oxidation 
mg. per 100 cc. mg. per 100 cc. mg. per 100 cc. per cent 
8634 350 476 116 24.4 
7049 484 549 65 11.8 
8740 442 530 88 16.6 
8520 137 197 60 30.4 
TaBLe IX 


Analyses of Egg Phosphatide Solution, Concentrated to Dryness below 60° 
and Redissolved in Petroleum Ether 





ee carbon 








Phosphatide carbon precipitated Phosphatide carbon 
ph. 5 by acetone-MgCl: accounted for 
Total phos- 
ay: Resid 
carbon in esidue 
sample Soluble ‘| insoluble 
a* Total ppt. ether in moist |a+b+c 
b ether 
c 
mg. mg. Feat mg. mg. mg. mg. per cent 


1.331 0.024 | 1.80 1,244 1.180 0.060 1.264 | 94.9 
1.331 0.027 | 2.03 1.234 1.150 0.076 1.253 | 94.2 
1.331¢ | 0.018 | 1.35 1.236 1.203 0.033 1.254 | 94.2 


























* Calculated from gasometric phosphorus analysis (P X (66.2/4.17)). If 
the supernatant fluid contained non-phosphatide impurities, the carbon 
would be higher than calculated from the phosphorus. Possibly error from 
this source causes the 5 per cent deficit in total carbon accounted for (last 
column). 

t To this sample were added 2.1 mg. of cholesterol and 4.0 mg. of palmitic 
acid, 
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In Table IX the results of precipitation of a prepared solution 
of phosphatides with acetone-MgCl, are given. The phospha- 
tide preparation was prepared from egg yolk according to MacLean 
and contained both cephalin and lecithin. The analyses were 
performed by the gasometric carbon method. 

In Table X the results of analyses of extracts of plasma, red 
blood corpuscles, and liver tissue by acetone-MgCl, precipitation 
and by gasometric phosphorus determination are given. The 


TaBLe X 


Analyses of Blood and Tissue Extracts Obtained by Refluxing with Alcohol- 
Ether, Concentrating Filtrate to Dryness below 60°, and Extracting 
Residue with Petroleum Ether 
































Phuphatids de pri. by bn 

phorus 
in Ratio, 
Amount of Resi- Total ro- | mg. 
Material presented | Part | aus ; ether | phar 
araees “inextract | Slu- | 'mR0l} Car- | P8t | Lipid| extract | tidet 
sample po in bon per |,,P°" | per 100} to 
mt | aaa | ln |e [98 |" | me P 

ether | “"as |°F &™ | mate- =. 

a | & [ere] at | Fal? | “rial 

mg. C.|mg. C.|mg. C.| mg. C lima mg. P 
Human plasma....... 1.125 ce. |0.998)0.184)1.182) 105) 159) 6.91/23.00 

“ red blood 

cells...............] 0.450 “* |0.663/0.051/0.714] 159) 240] 10.00/23.98 
6 ee oe 1.105 gm. |2.011/0.351/2.362| 2240) 3382/152.3 |22.2 





























* Lipid calculated as carbon X (100/66.2). 
t “Phosphatide’”’ = (100/66.2) X carbon in precipitate obtained with 
acetone and MgCl.; P = total phosphorus in petroleum ether solution. 


petroleum ether extracts were prepared as described previously in 
this paper. 

In the analyses of Table X an average of 2.2 per cent (in no case 
over 3 per cent) of the total petroleum ether-soluble phosphorus 
was found in the supernatant fluid after the acetone-MgCl, preci- 
pitation. This observation, that the petroleum ether-soluble phos- 
phorus in extracts of plasma, red blood corpuscles, and liver tissue 
is precipitated to the same extent (97.8 per cent) as standard solu- 
tions of phosphatides, is evidence that all this extract phosphorus 
represents phosphatides, and that the petroleum ether extract 
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prepared under the conditions outlined for the method does not 
contain other phosphorus compounds in measurable amounts. 

If the above phosphatide to phosphorus ratios are corrected for 
the small phosphatide fraction left in the supernatant fluid, the 
ratios for plasma, red blood cells, and liver tissue become respec- 
tively 23.51, 24.41, and 22.70, and give an average ratio of 23.54. 

In order to calculate phosphatides from the phosphorus of the 
petroleum ether extract the phosphorus values should there 
fore be multiplied by 23.5. The lipid figures obtained from the 
petroleum ether-soluble phosphorus are definitely higher than those 
obtained from the acetone-MgCl, precipitate redissolved in ether 
by the procedure of Bloor, because the total phosphorus values 
include the diaminophosphatide fraction which, after the precipi- 
tation, is insoluble in moist ether, and also include the small portion 
of phosphatide which, because of slight but measurable solubility, 
escapes precipitation with acetone-MgCl. 

Our corrected phosphatide to phosphorus ratio of 23.5 found in 
plasma approximates the theoretical ratio, 23.98 for stearyllinolyl 
cephalin. Results to be reported later show in fact that the lipid 
amino nitrogen of human plasma is sufficiently high to indicate 
that nearly all the phosphatide may be cephalin. 


Note on Application of Gasometric Carbon Method to Analyses of 
Phosphatides Precipitated with Acetone-MgCl. by 
Bloor’s Procedure 


Although the phosphatides are more exactly estimated from the 
phosphorus content of the petroleum ether extract, the fact that 
98 per cent of the phosphatides can be precipitated with acetone- 
MgCl, makes the precipitation procedure also applicable, provided 
phosphatide samples of sufficient size are used, as described by 
Bloor, and provided also that the phosphatide fraction insoluble 
in moist ether is included in the combustion. Comparison of the 
carbon of the acetone-MgCl, precipitate with the total petroleum 
ether-soluble phosphorus may prove of value if knowledge of the 
C:P ratio in a phosphatide mixture is desired 

In determining the amount of phosphatide in the acetone-MgCl, 
precipitate we have found it advantageous to replace Bloor’s di- 
chromate oxidation and titration method by the gasometric carbon 
estimation. The possibility of error from reduction of some of the 
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dichromate by HCl liberated from MgCl, in the precipitate does 
not affect the gasometric carbon method. This source of error is 
avoided when, as in Bloor’s method, only the phosphatides redis- 
solved from the precipitate by moist ether are oxidized. The 
error might, however, attain importance if, in order to include the 
diaminophosphatide, the whole precipitate with its magnesium 
chloride were subjected to the Bloor oxidation. 

The following procedure for estimation of the precipitated phos- 
phatides by gasometric carbon determination was found satisfac- 
tory. 

A sample of filtered Petrol Extract A, containing about 2 mg. of 
phosphatides, is measured into a combustion tube and concentrated 
to 2 cc. volume. The precipitation with acetone-MgCl, and the 
subsequent washing of the sample are carried out exactly as de- 
scribed by Bloor. 

If a special manometric Van Slyke-Neill chamber calibrated at 
10 ec. volume (Van Slyke, Page, and Kirk, 1933) is available, the 
total phosphatide precipitate can be burned as one sample. The 
small amount of acetone left in the combustion tube after the last 
washing is evaporated in the steam bath. As magnesium chloride 
tends to crystallize out together with some acetone, it is in this 
analysis especially important to observe the precaution of adding 
a few drops of distilled water when the contents of the tube are 
apparently dry, and to continue the heating in the steam bath 
until also the water has evaporated. The chlorine vapors which 
are liberated during the combustion do not interfere with the 
analysis. Most of the vapors are absorbed in the moisture 
which collects in the bulbs of the connection tube during the com- 
bustion. A combustion period of 2.5 minutes is sufficient. 

If only the ordinary Van Slyke-Neill chamber, calibrated at 2 cc. 
volume, is available, as much of the precipitate as will dissolve 
in moist ether is brought into solution and the ether is transferred 
to a 10 cc. volumetric flask. In order to obtain an absolutely 
clear and homogeneous solution a few drops of absolute alcohol 
are added to the moist ether solution before the sample is made up 
to volume. 3 cc. aliquots of the moist ether solution are pipetted 
into combustion tubes and the solvent is evaporated. The residue 
in the combustion tube in which the precipitation was performed, 
consisting of the phosphatide fraction insoluble in moist ether, is 
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likewise evaporated to dryness and the carbon content determined 
gasometrically. The total phosphatide value of the precipitate 
is easily calculated from the sum of the non-volatile carbon in the 
moist ether solution and in the magnesium chloride residue. 


SUMMARY 


Microgasometric methods are described for total lipids, total 
and esterified cholesterol, phosphatides, lipid amino nitrogen 
(cephalin), and total lipid nitrogen. The principles of these 
methods are outlined in the introduction. 

For total lipid estimation alone, 0.2 cc. of plasma suffice for dupli- 


cate analyses. 

For complete estimation in duplicate of the different lipid frae- 
tions 3 cc. of plasma are required. 

The practice of estimating blood phosphatides in the solution 
obtained by precipitating them with acetone-MgCl, and redis- 
solving in moist ether, has been found to give low results, because 
of the presence of a diaminophosphatide which does not redissolve 
in moist ether. If the entire acetone-MgCl, precipitate is deter- 
mined by carbon combustion, however, the results agree with those 
of the total lipoid phosphorus estimation.‘ 
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‘The special apparatus required for the methods described in this paper 
can be obtained from Eimer and Amend, New York. 














ned 
ate 
the 


ital 
ren 
pli- 
ac- 


ion 
lis- 


lve 
er- 


33). 


The 


Iti- 


33). 


per 








XUM 


STUDIES OF THE FAT OF HUMAN MILK 


By A. W. BOSWORTH 


(From the Laboratory of Physiological Chemistry, the Ohio State University, 
Columbus) 


(Received for publication, April 12, 1934) 


Through the very generous cooperation of Dr. J. R. Thompson of 
St. Ann’s Maternity Hospital, Cleveland, a sufficient amount of 
breast milk has been obtained to give 3 pounds of pure breast milk 
fat. This has been subjected to the same scheme of examination 
for unsaturated acids used in the studies of cow’s milk fat as re- 
ported in a recent communication from this laboratory (1). 

The presence of several hitherto unreported acids has been 
inferred from a study of the curves derived from the iodine num- 
bers of the methy] ester fractions, and additional evidence has been 
secured to establish the presence of all but one of these acids. The 
presence of highly unsaturated acids of the arachidonic acid type 
has been demonstrated by the separation of ether-insoluble poly- 
bromides. The presence of saturated acids of greater molecular 
weight than that of stearic acid has been shown by the separation 
from acetone of saturated acids with a saponification equivalent 
of 339. 


EXPERIMENTAL 


Preparation of Fat—All of the milk was secured from mothers 
who were living in the hospital at the time the milk was collected 
and who were receiving a varied diet of fruit, vegetables, meat, 
fish, milk, salads, and iodine and cod liver oil when necessary. The 
cream, as removed from the milk, was slightly acidulated, cooled to 
10°, and churned. The butter thus obtained was melted, filtered 
through cheese-cloth, then through filter paper, and washed with 
water several times, the last traces of water being removed by 
heating under diminished pressure. The fat thus obtained was 
examined and the following data secured. 
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ei sisi cinekevastederte Cones veces pens oe 32 
EE CO OPEL EEE PEEP TET E 205.1 
cst nace nea nebiecias tase aheues 2.5 
ee a ad aoe kena ns Panna wens aOR 0.1 
Neco ek oie uke sued carbs Re enk xdevctreued en 56.22 
Unsaponifiable matter, per cent.................00eeeeeees 1.13 


Preparation of Methyl Esters—1 kilo of the fat was esterified by 
refluxing for 24 hours with 2000 cc. of methyl alcohol containing 
2 to 3 per cent of dry hydrochloric acid gas. When the esterifica- 
tion was completed, water was added until an ester layer was ob- 
tained, and the lower layer (containing water, methyl alcohol, 
glycerol, and most of the methyl butyrate and methyl caproate) was 
then siphoned off. The esters were transferred to a separatory 
funnel and washed twice with distilled water. 

Fractional Distillation of Esters—The esters were subjected to 
fractional distillation four times at a pressure of 15 mm. The first 
distillation gave five fractions. During the second distillation 
fractions were separated at 10° intervals and during the third and 
and fourth distillations fractions were separated at 5° intervals, 
except for the first three fractions which were separated at 10° 
intervals on account of the very small yields. The operations 
were conducted in the same apparatus, and with the same tech- 
nique, employed in the work previously reported (1). As a result, 
thirty fractions were obtained. 

Preliminary Examination of Fractions—The data obtained by an 
examination of the thirty fractions will be found in Table I. In 
connection with these data it should also be recorded that the esters 
of butyric and caproic acids, which were removed with the methyl 
alcohol and glycerol when the mixed esters were washed with water, 
were recovered and examined superficially, simply as a check upon 
their presence in the fat under examination. 

The weights of the fractions up to and including the C,o fraction, 
together with the Reichert-Meissl and Polenské numbers of the 
original fat, indicate that the fatty acids of low molecular weights 
are present in the fat from human milk in much smaller quantities 
than in the fat from cow’s milk. The lauric acid (Cy) fraction 
shows a distinct maximum, which is a contrast to the opposite 
finding for butter fat. The Cy, Cis, and C,s fractions merged, no 
maximum for the C,, or the Cys. series being obtained. The last 
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two fractions (Fractions 29 and 30), with acids of mean molecular 
weights greater than 284, indicate the presence of acids of the C2o 
and possibly the C22 series. 

TaB_e I 
Results of Fractional Distillation of Methyl Esters of Fat from Human Milk, 
by 1000 Gm. Fat Taken 
i series or . _ Weight ae ~_, Wt. | T No. of esters 
ob- . gm. 
iol, C-Cs 1 80 0.42 137.8 1.35 
vas C;-Cio 2 80-— 90 1.17 157.1 2.27 
ory 3 90-100 1.09 157.4 2.30 
4 100-105 1.42 165.6 2.48 
5 105-110 1.00 168.1 2.40 
to 6 110-115 1.25 170.6 2.48 
irst C. 7 115-120 3.91 172.3 2.83 
ion Ci0-Ciz 8 120-125 4.42 177.0 2.60 
aa 9 125-130 3.50 181.0 2.17 
als 10 130-135 3.50 184.8 2.06 
> 11 135-140 3.91 190.7 2.01 
10 Cis 12 140-145 22.00 195.9 0.82 
ons 13 145-150 11.25 202.7 2.26 
ch- Ci2-Cis 14 150-155 14.17 205.7 3.14 
ult, 15 155-160 8.33 209.8 6.24 
16 160-165 9.18 217.0 6.56 
17 165-170 9.92 220.2 8.01 
an Cus 18 170-175 13.50 226.6 9.85 
In CiuCis 19 175-180 22.33 235.4 12.49 
ers 20 180-185 42.00 238.0 15.15 
hyl 21 185-190 45.83 248.2 20.40 
ter 22 190-195 66.75 250.3 28.40 
: Cie-Cis 23 195-200 112.17 260.4 40.86 
pon 24 200-205 138.33 265.4 58.46 
25 205-210 244.17 276.6 76.98 
on, 26 210-215 145.58 277.1 85.97 
the 27 215-220 12.17 280.0 95.68 
hts Cis 28 220-225 4.42 284.1 103.10 
- Cis-C2o 29 225-230 4.25 297.2 113.20 
ties Coo-Cos 30 | 230-285 10.75 351.0 129.70 
‘ion 
site 
“no Distribution of Unsaturated Acids—The iodine numbers of the 
last fractions have been plotted as Curve 1 (Fig. 1). It will be noted 
that an unsaturated acid or acids occur in the first fraction, in- 
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creasing to a maximum in the Cy fraction and decreasing to a 
minimum in the Cy. fraction; from this point there is a gradual, 
increase to the end. The high iodine numbers of the fractions 
above Cs indicate the presence of unsaturated acids of the Co or 
higher series. 

The total iodine absorption values for the several fractions, as 
calculated by the formula, iodine absorption = (weight of fraction 
X iodine number) /100, have been plotted as Curves 2 to 4 (Fig. 1), 
Curve 3 being plotted at one-tenth and Curve 4 at one-hundredth 
the scale used for Curve 2. 

Curve 2 shows a maximum (slight) at the Cio point, indicating 
the presence of decenoic acid (C,oH:s02). The gradual upward 
slope of Curve 3 from the C,, to the C,, point indicates the presence 
of tetradecenoic acid (C,4H2sO2). The abrupt change in the upward 
slope of Curve 3 between the Cy, and Cj. points, together with a 
second change in the slope of the curve at the Cys. point (as shown in 
Curve 4), indicates the presence of hexadecenoic acid (C,s6H30O2). 
The very high level of the maximum in Curve 4 between the Ci. 
and Cs points indicates the presence of unsaturated acids of the 
Cisseries. The fact that this maximum occurs below the theoreti- 
cal boiling point for the methyl] ester of oleic acid seems to be evi- 
dence of the presence of another unsaturated acid of the Cis series, 
possibly linoleic acid (CijsH3,O.). The abrupt drop in the slope 
of the curve above C,s with an upward slope towards the end of the 
series is again evidence of the presence of unsaturated acids of the 
C20 or higher series. 

Separation of Unsaturated Fatty Acids—The lead soap-ether 
method will not give a satisfactory separation of a Cy) unsaturated 
acid, and the very small amount of material at hand prevented the 
isolation of this acid as the bromide of its methyl ester. When 
the unsaturated acid in Fractions 5 to 9 inclusive is calculated from 
the iodine numbers, it is found that the amount of decenoic acid 
in the original fat was not less than 0.024 per cent. This method 
of calculation seems justifiable in view of the findings for butter 
fat previously reported (1). 

A Cy, unsaturated acid (tetradecenoic acid) could not be separated 
by the lead soap-ether method in this case; but, by combining all 
of the remaining portions of Fractions 13 to 19 inclusive and bromi- 
nating in cold ether, a bromide of a methyl ester was obtained by 
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fractional distillation, which, upon reduction with zinc and subse- 
quent saponification, gave an acid with a molecular weight of 224 
and an iodine number of 108.4. As the theoretical figures for the 
molecular weight and iodine number of tetradecenoic acid are 226 
and 112 respectively, it is believed the figures secured are ample 
proof of the presence of this acid in the fat of human milk. As- 
suming the unsaturated acid present in Fractions 13 to 19 to be 
tetradecenoic acid, it is found by calculations based upon the iodine 
numbers and weights of the fractions that the original fat must 
have contained not less than 0.576 per cent of that acid. 


TaBLe II 
Data Obtained from Examination of Unsaturated Acids 














—— B. p. at 15 mm. Mean mol. wt. I No. Method aaa obtain 
c. 

16-19 160-180 224 108.4 Bromination 

22 190-195 257 95.0 Lead soap-ether 
23 195-200 272 95.0 - - " 
24 200-205 275 95.0 vi ” s 
25 205-210 287 111.2 ” “i va 
26 210-215 291 101.8 ° * ? 
27 215-220 297 109.5 " : F 
28 220-225 6 ” - g + 
29 225-230 x “ * ” “ 
30 230-285 336 146.0 ns ve - 











* Yield not sufficient for analysis. 


The unsaturated acids obtained from Fraction 22 by the lead 
soap-ether method of separation had a molecular weight of 257 and 
an iodine number of 95, which are close to the theoretical figures 
for hexadecenoic acid (CisH3002); 7.e., a molecular weight of 254 
and an iodine number of 100. An attempt was made to separate a 
pure hexadecenoic acid by first converting the acids, as mentioned 
above, to their methyl esters, then to the brominated esters, and 
then by fractional distillation of these brominated esters. The 
presence of oleic acid, and the decomposition of its brominated 
ester during fractional distillation, proved this method of separation 
to be inadequate in this case. Lack of material prevented a con- 
tinued effort to separate pure hexadecenoic acid. The molecular 
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weights and iodine numbers of the unsaturated acids separated 
from Fractions 23 and 24 (see Table II) might be taken as further 
evidence of the presence of hexadecenoic acid. The results so 
far obtained, therefore, lead to the belief that hexadecenoic (palmi- 
toleic) acid may be a constituent of the fat of human milk. 

The molecular weight and the iodine number for the unsaturated 
acid obtained from Fraction 25 indicate the presence of a Cis acid 
with a higher degree of unsaturation than that of oleic acid. This 
point will be discussed again in connection with the figures secured 
as the result of the barium soap-benzene separation. 


TaBLe III 


Data Obtained from Examination of Unsaturated Acids As Separated from 
Several Fractions by Lead Soap-Ether Method, Followed by Barium 
Soap-Benzene Method 























Acids from barium soaps 
Fraction B. p. at 4 i 
No. 15 mm. Insoluble in benzene Soluble in benzene 
Mean mol. wt. I No. Mean mol. wt. I No. 
©. 
24 200-205 283 80.2 284 104.0* 
25 205-210 281 96.3 282 152,4* 
26 210-215 283 96.7 286 115.1* 
27 215-220 289 97.4 t t 











* The tetrabromides obtained from these acids melted at 113°, 
+ Yield not sufficient for analysis. 


The data secured from the unsaturated acids in Fraction 30 indi- 
cate the presence of an unsaturated acid of greater molecular 
weight than those of the Cys series. 

Separation of Unsaturated Fatty Acids into Two Fractions by 
Barium Soap-Benzene Method—Some of the unsaturated acids 
prepared by the lead soap-ether separation, after analysis, were 
subjected to the barium soap-benzene separation. The data 
secured are given in Table III. 

As a clean cut separation of oleic acid was not obtained by one 
application of the method, the acids obtained from the barium 
soaps which were insoluble in benzene were subjected to two more 
repeated applications of this method of separation and as a 
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result an acid was finally obtained which, after distillation at 2 
mm. pressure, had a molecular weight of 281.4 and an iodine 
number of 89.9. This substance was very pure oleic acid. 

The figures in the last two columns of Table III, which were 
secured by an examination of the acids obtained from the barium 
soaps which were soluble in benzene, indicate the presence of lino- 
leic acid. When these acids were brominated in cold ether and 
the insoluble polybromides removed, the subsequent addition of 
a large volume of petroleum ether gave tetrabromides which in 


TaBLe IV 


Polybromide Numbers for Several Fractions and Calculated Amounts of Highly 
Unsaturated Acids Present 

















Fraction No. Weight of fractions Polybromide No. Sa 
gm. gm. 
23 112.17 Trace 
24 138.33 0.11 0.1951 
25 244.17 0.29 0.9078 
26 145.58 2.28 4.2554 
27 12.17 4.17 0.6506 
28 4.42 4.42 0.2505 
29 4.25 9.07 0.4942 
30 10.75 . 11.32 1.5590 
Total amount of methyl ester per 1000 gm. fat, gm.... 8.3126 
Esters as a Coz acid, gm.............. 0. ccc eee 7.972 
Highly unsaturated acid calculated as a C2 acid, per 
ee ME ek Wh de bx Ba dh ak LA’ Ahk us ee 0.797 








each case were found to melt at 113°, uncorrected. The tetrabro- 
mide of linoleic acid is said to melt at 113-115°. The successful 
isolation of this tetrabromide from the fat of human milk isa 
marked contrast to the negative results obtained with cow’s milk 
fat as previously reported (1). 

Presence of Highly Unsaturated Acids—Because the polybromide 
number is an index of the presence of highly unsaturated fatty acids 
(2), these numbers were determined and are given in Table IV. 
Brown (3) has given a factor for calculating the amount of highly 
unsaturated acid present in a fat from the polybromide number of 
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its methyl ester. These calculations have been made for several 
of the fractions and the results will be found in the last column of 
Table IV. It will be noticed that a distinct maximum for highly 
unsaturated acids appears in Fraction 26 and again in Fraction 30, 
indicating the presence of at least two of these acids. The ester 
polybromides from Fractions 25 to 28 melted with decomposition 
at 241-242°, while those from Fractions 29 and 30 did not melt. 
Methyl octobromoarachidate is said to melt at 228-231°. It 
would seem, therefore, that the polybromides from Fractions 25 to 
28, which gave an indistinct melting point, were mixtures of methyl 
octobromoarachidate and a polybromide of the methyl ester of an 
acid of the C2: or higher series. The total amount of these highly 


TaBLE V 
Saturated Acids after Crystallization from Acetone 








Fraction No. Mol. wt. 

23 257 
24 264 
25 283 
26 284 
27 294 
28 * 

29 * 

30 339 








* Yield not sufficient for analysis. 


unsaturated acids as calculated was found to be 0.792 per cent of 
the original fat. 

Saturated Acids of High Molecular Weight—The saturated acids 
obtained from several of the higher fractions by the lead soap- 
ether separation were crystallized twice from acetone to free them 
from traces of unsaturated acids, and the last trace of acetone was 


‘ removed from the free acids by heating under diminished pressure. 


The molecular weights of these acids will be found in Table V. It 
will be noted that Fraction 30 gave acids with a molecular weight 
of 339, indicating the presence of a C22 saturated acid. 


SUMMARY 


1. 1000 gm. of the fat from mixed samples of milk from women 
have been converted to methyl esters; and these esters have been 
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fractionated into thirty fractions that were subjected to careful 
examination. 

2. A maximum was obtained at the laurie acid point which is 
contrary to the findings for cow’s milk fat, and from the highest 
fraction there was isolated a mixture of saturated acids of greater 
molecular weight than that of stearic acid. 

3. Curves have been plotted based upon the total iodine absorp- 
tion values of each of the fractions, and by means of these curves 
the presence of decenoic (CioHsO2), tetradecenoic (Ci,H20:), 
hexadecenoic (CisH30O2), oleic (C;sHsO02), and linoleic (C,sHs0-) 
acids was predicted, and the presence of all but decenoic acid was 
established. 

4. There is evidence of the occurrence of unsaturated acids with 
greater molecular weights than those of the Cis series, and at least 
two highly unsaturated acids of the arachidonic acid type were 
shown to be present. 


The author is greatly indebted to Professor J. B. Brown of the 
Department of Physiological Chemistry for his valuable sugges- 
tions and help during the conduct of this investigation, and to Dr. 
C. 8. Smith, Chairman of the department, for encouragement and 
advice. 
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THE DISTRIBUTION OF IRON IN TISSUES, PARTICU- 
LARLY LIVER, DURING PEPTIC DIGESTION 
AND AUTOLYSIS 


By W. D. McFARLANE 


(From the Department of Biochemistry, University of Alberta, Edmonton, 
Canada) 


(Received for publication, April 30, 1934) 


A large proportion of the iron in thoroughly perfused liver is in 
protein combination in so far as it is removable from solution by 
precipitation with trichloroacetic acid. Further, as experiments to 
be described herein show, about one-half of the iron contained in 
this trichloroacetic acid precipitate reacts with bipyridine in the 
presence of a reducing agent and must therefore be in some form 
of chemical combination other than that of the iron in hematin. 

Aside from the observations which have been made on the pro- 
tein vitellin, little is known of the chemical nature of iron-contain- - 
ing compounds of the above type. The literature in this regard 
has been reviewed by Jukes and Kay (1) and by McFarlane (2). 
A considerable part of the total iron in yeast is precipitated by 
trichloroacetic acid which, Coolidge (3) has concluded, from elec- 
trode potential measurements, is contained in an iron-protein 
complex. 

Prolonged digestion of egg yolk protein by gastric juice was 
found by Miescher (4) to split off an iron-containing insoluble prod- 
uct which Bunge (5) later named hematogen. Hugouneng and 
Morel (6) believed hematogen to be a complex substance, a type 
of conjugated protein in which an iron-containing pigment is the 
prosthetic group, combined with a protein derivative. During the 
peptic digestion of blood no perceptible cleavage of iron from hemo- 
globin takes place and, further, salts of Fe+*+ and Fe+*+* added to 
such a digest can be recovered quantitatively (Barkan (7)). Ina 
study of the digestion by pepsin of artificially prepared iron albumi- 
nate, Mascherpa (8) has shown that the chemical state of the iron 
is altered, in that it is rendered dialyzable and easily detected. 
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The experiments recorded in this paper are primarily concerned 
with the study of the effects of proteolysis and autoproteolysis on 
the iron-containing components of tissues, precipitated by tri- 
chloroacetic acid, and particularly on those present in liver tissue. 


EXPERIMENTAL 


Distribution of Iron and Copper in Adult Rat Livers—In the fol- 
lowing experiments entire rat livers, immediately following excision 
were thoroughly perfused with iron- and copper-free isotonic saline 
and reduced to a pulp in a mortar. Weighed portions of the liver 
pulp were taken without delay for the various analyses. One por- 
tion was dried to constant weight at 100°, the dry weight deter- 
mined, and the sample ashed. The estimations of the total iron 
and copper content of the liver were made on aliquots of a solution 
of the ash. Iron was determined colorimetrically as ferric thio- 
cyanate and copper by means of the carbamate reagent (McFar- 
lane (9)). 

Trichloroacetic acid precipitation of the liver, and the deter- 
mination of iron and copper in the filtrate therefrom, was carried 
out as follows: Weighed portions of rat liver pulp (1 to 1.5 gm.) 


’ were pulverized in a small mortar with 10 cc. of 10 per cent tri- 


chloroacetic acid and a small amount of quartzsand.' The suspen- 
sion was transferred to a 15 cc. centrifuge tube, two 2 cc. portions 
of 5 per cent trichloroacetic acid being used to rinse the mortar and 
pestle. The clear yellow-colored centrifugate was decanted into 
a 25 ec. volumetric flask. The protein residue was washed twice 
with 5 ec. portions of 5 per cent trichloroacetic acid, the washings 
added to the contents of the volumetric flask, and the solution 
made up to volume with distilled water. 

The amount of iron in the trichloroacetic acid extract which re- 
acted directly with potassium thiocyanate was determined as fol- 
lows: A suitable aliquot (3 to 5 cc.) was measured into a 25 ce. 
glass-stoppered cylinder, 1 drop of superoxol was added, and after 
mixing the solution was diluted to 10 ce. with distilled water. 1 cc. 
of 40 per cent potassium thiocyanate solution was added, the ferric 


1 The quartz sand was previously extracted with boiling concentrated 
HCI for several hours, filtered, and washed with water on a Jena sintered 
glass filter. The trichloroacetic acid was redistilled and contained no iron 


or copper. 
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thiocyanate extracted with 2 cc. of isoamyl] alcohol, and the final 
colorimetry carried out by the procedure already referred to (9). 
The iron content of separate aliquots of the above solution was 
also determined after ashing and after wet digestion with a sulfuric- 
perchloric acid mixture (McFarlane (10)). 

A 5cce. aliquot of the trichloroacetic acid filtrate was precipitated 
in a centrifuge tube with 2 cc. of saturated normal lead acetate. 
After centrifuging and discarding the supernatant fluid, the small 
white precipitate was dissolved in a minimum amount of 10 per 


TaBLe | ; 
Distribution of Iron and Copper in Adult Rat Livers 
The results are expressed in mg. per 100 gm. of dry tissue. 























Iron Copper 
Trichloroacetic acid filtrate 
ety , Trichloro- 
ee te | Detail Lead | ‘otal acetic acid 
-_ filtrate 
Direct* | Ashing |4, Wet ...| tate 
gm 
69 31 1.56 1.71 
179 65 39 1.58 1.52 
178 63 27 1.66 1.55 
300 43 22 8.7 9.5 1.30 1.39 
315 52 25 8.5 7.8 8.0 4.6 1.19 1.22 
280 49 22 9.0 9.6 8.9 5.2 
55 8.2 8.0 4.2 























* Determined by direct colorimetry in acid solution after oxidizing with 
hydrogen peroxide. 


cent trichloroacetic acid and reprecipitated by normal lead acetate. 
The precipitate was finally suspended in 0.1 n H,SO, and decom- 
posed with H,S. This precipitate contains iron which reacts di- 
rectly, in acid solution, with potassium thiocyanate, the amount of 
which was determined as above. 

The entire trichloroacetic acid extract from 2.0 to 2.5 gm. of 
liver pulp was taken for the estimation of copper. The determina- 
tions were made by direct colorimetry with the carbamate reagent 
(9), without previous ashing or wet digestion. 

The amount of iron in the liver in ‘“‘non-hematin’’ combination 
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was determined as follows: A weighed quantity of liver pulp was 
ground in a mortar with 2 cc. of acetate buffer (pH 4.0) and a small 
amount of quartz sand. The suspension was transferred to a 25 
ec. Erlenmeyer flask with the aid of 10 cc. of acetate buffer. After 
adding 0.5 ec. of bipyridine solution and a small amount of iron- 
free solid sodium hydrosulfite, sulfur dioxide was bubbled through 
the suspension for about 5 minutes. The ferrous bipyridine color 
developed very slowly, reaching maximum intensity only after 5 
hours. After this time the material was filtered into a 100 ce. 
volumetric flask and the precipitate washed on the filter with 30 
per cent alcohol until the volume of the filtrate was 100 ce. In 
some cases a white turbidity was removed by centrifuging, before 
the color intensity was matched against color standards (Hill (11)). 

The results are summarized in Table I, concerning which the 
following observations may be made. 

Approximately one-half of the total iron of liver reacts directly 
with bipyridine, while less than 50 per cent of this non-hematin iron 
appears in the trichloroacetic acid filtrate. The iron in this filtrate 
reacts directly and quantitatively with potassium thiocyanate in 
acid solution in the presence of hydrogen peroxide. A fairly 
constant proportion of the iron in the trichloroacetic acid filtrate 
is contained in an organic fraction precipitated by normal lead 
acetate. It would appear that all of the copper in adult rat liver 
is to be found in the trichloroacetic acid filtrate and is in ionic form, 
as evidenced by its direct reaction with sodium diethyldithiocar- 
bamate. 

Similar experiments with perfused rat spleen have revealed that 
all the iron extracted by trichloroacetic acid (0.0023 gm. of Fe per 
100 gm. of wet tissue) also reacts with potassium thiocyanate in acid 
solution containing hydrogen peroxide. 


Autolysis and Peptic Digestion of Rat Liver and Muscle Tissue 


The entire livers of adult rats were thoroughly perfused with 0.9 
per cent sodium chloride and reduced to a pulp in a mortar. 
Weighed portions, about 5 gm., were autolyzed under the condi- 
tions recommended by Herron and McEllroy (12) by adding 20 ce. 
of 0.02 n HCl and 2 ec. of chloroform and incubating at 37°. 

Peptic digestion was carried out by suspending similar amounts 
of the liver pulp in 25 cc. portions of a 0.2 per cent solution of 
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v.s.P. pepsin in 0.1 nN HCl. The digestion was carried out at 37° 
in the presence of 2 cc. of chloroform. The thigh and leg muscles 
of adult rats were prepared for, and subjected to, autolysis and 
peptic digestion as with the liver. 

After varying periods of time, each autolysate or peptic digest 
was poured into a 50 cc. centrifuge tube containing 10 cc. of a 20 
per cent trichloroacetic acid solution. The centrifugate was de- 
canted into a 50 cc. volumetric flask and the protein residue washed 
twice with 5 cc. portions of 5 per cent trichloroacetic acid. The 
combined centrifugates were made up to volume with distilled 
water. 


TaB_eE II 


Iron Content of Trichloroacetic Acid Filtrates of Autolysates and Peptic 
Digests of Adult Rat Liver and Muscle Tissue 


The results are expressed in mg. of Fe per 100 gm. of wet tissue. 














Autolysis Peptic digestion 
Tissue Lead Lead 
Time | (thing) | Direct precipi- Time | (apie) | Direct precipi- 
Ars. hrs. 
Liver 0 1.12 1.06 0.55 0 1.4 1.1 0.6 
20 4.90 4.60 1.37 3 5.9 6.0 
66 2.18 2.01 0.96 20 13.7 12.8 8.4 
98 1.16 | 0.94 | 0.49 96 12.0 11.8 7.1 
Muscle 0 0 1.58 1.77 0.87 
24 1.43 1.34 1.17 2 2.81 2.84 1.16 
76 2.19 2.17 0.66 10 3.00 2.91 0.98 
173 1.90 2.16 0.59 149 3.22 3.10 


























The iron and copper analyses of these solutions were carried out 
as already described. The following points arise from a considera- 
tion of the results in Table II. (a) During the course of the pro- 
teolysis of liver and muscle tissue by pepsin, the amount of iron in 
the protein-free filtrate of the hydrolysate markedly increases. 
(b) The early stages of the autolysis of these tissues is also ac- 
companied by an increase in the iron content of the protein-free 
filtrate, which is, however, of much smaller magnitude. As 
autolysis continues there is an apparent decline in the amount of 
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iron appearing in the trichloroacetic acid filtrate. This latter 
phenomenon is particularly marked in the case of the liver autoly- 
sate. (c) These fluctuations in the total iron content of the pro- 
tein-free filtrates of the autolysates and hydrolysates are paralleled 
by changes of similar degree in the amount of iron which is pre- 
cipitable by normal lead acetate. The amount of copper in the 
protein-free filtrates of the peptic digests and autolysates of liver 
remained relatively constant, varying only within limits (0.53 to 
0.57 mg. per 100 gm. of wet tissue) attributable to experimental 
error. In the experiments with muscle tissue no copper analyses 
were made. 

The results of these autolysis experiments were entirely unex- 
pected and are not easy to explain. The following experiments 
completely confirm these findings and present some additional 
observations. 


Autolysis and Peptic Digestion of Fetal Calf Liver 


In the following experiments fetal calf liver was used because it 
could be easily reduced to a liquid consistency, which permitted 
our measuring the samples by pipette instead of by weighing. 
The entire liver was perfused with isotonic saline as thoroughly as 
possible and the surface roughly dried by pressing between filter 
papers. The tissue, after mincing, was squeezed repeatedly 
through cheese-cloth by the use of a press. Portions of this liver 
pulp were digested either with pepsin, gastric juice, or autoproteo- 
lytic enzymes, and at varying times during the course of proteoly- 
sis flasks were removed from the 37° incubator and their contents 
precipitated with trichloroacetic acid. 

The following is a protocol of the experiments. 

Autolysis—Twelve flasks were used, each containing 10 ce. of 
liver pulp, 40 cc. of 0.02 n HCl, and 2 cc. of chloroform. The 
contents of one flask (0 hours) were immediately precipitated by 
pouring into a 100 cc. centrifuge tube containing 10 cc. of 20 per 
cent trichloroacetic acid. The flask was rinsed out with 5 ce. 
of 5 per cent trichloroacetic acid and the rinsings were used to 
wash the protein precipitate. The washing was repeated, the 
precipitate being thoroughly stirred each time with a glass rod. 
The combined centrifugates were brought to a volume of 100 ce. 
Before the remaining eleven flasks were placed in the incubator, 
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the contents of three of them were further treated as follows: 
H.S was bubbled through one of the liver suspensions for 5 min- 
utes, 0.3 mg. of Cu (CuSO,) was added to another, and 3.0 mg. of 
Cu to the third. After varying periods of time up to 10 days, 
flasks were removed from the incubator and their contents pre- 
cipitated with trichloroacetic acid as stated above. 

Peptic Digestion—Ten flasks were used, each containing 10 cc. 
of liver pulp, 50 cc. of a 0.2 per cent solution of pepsin (v.s.P.) 
in 0.1 nN HCl, and 2 ce. of chloroform. The contents of one flask 
were immediately precipitated with trichloroacetic acid as above. 
Again, the contents of three of the remaining flasks were further 
treated with H.S or copper sulfate in the manner described above. 
These nine flasks were incubated at 37° for varying periods of 
time up to 145 hours. 

Digestion with Gastric Juice—Four flasks were used, each con- 
taining 10 cc. of liver pulp, 50 ce. of a solution containing 60 cc. 
of filtered normal gastric juice and 120 ce. of 0.1 Nn HCl in a 
total volume of 200 ce., and 2 cc. of chloroform. The contents of 
each flask were approximately pH 1.5. Digestion was allowed to 
proceed at 37° for varying periods of time up to 143 hours. 

The iron and nitrogen content of each protein-free filtrate was 
determined. Direct colorimetry with potassium thiocyanate, 
after oxidizing with hydrogen peroxide, was employed. The 
results were checked, both colorimetrically and by titanium ti- 
tration, by a number of determinations made after ashing. The 
inorganic phosphorus content of the protein-free filtrate of the 
autolysates was determined by the method of Fiske and Sub- 
barow (13). 

The results of these analyses are shown in Figs. 1 and 2. The 
digests to which copper was added and those through which H,S 
was passed gave the results shown in Table III. 

Proteolysis of liver by pepsin or gastric juice (Fig. 1) is accom- 
panied by a marked increase in the iron content of the protein-free 
filtrate over that produced during autolysis. While the amount 
of iron liberated by pepsin reaches a maximum only after about 
80 hours, and remains at this high level during prolonged diges- 
tion, that brought about by autolysis reaches a maximum in ap- 
proximately 20 hours, and then begins to decline. After autolyz- 
ing for 10 days, the iron content of the protein-free filtrate is only 








252 Distribution of Iron in Tissues 

about one-fourth of that in the undigested liver. These results 
definitely confirm the previous observations made in experiments 
with rat liver. 

From a comparison of the curves in Figs. 1 and 2, there would 
appear to be no correlation between the increase in non-protein 
nitrogen and the increase in inorganic iron during pepsin action. 
On the other hand there is evidence that the liberation of iron 
during autolysis is brought about by the same reaction as that 
responsible for the increase in non-protein nitrogen and inorganic 
phosphorus. These changes are presumably due to cathepsin 
activity. This is further borne out by the fact that the addition 


Tase III 


Analysis of Trichloroacetic Acid Filtrates of Specially Treated Autolysates 
and Peptic Digests 











. Treatment Iron Phosphorus Pe 
bre. "wa Nicer |tan? tor | Par cent 
43 Autolysate untreated 13.8 62 0.78 
43 - + 0.3 mg. Cu 10.4 41 0.40 
43 ” +30 “ “ 10.9 47 0.46 
43 * + HS 70.5 76 0.94 
11 Peptic digest untreated 26.4 1.10 
11 - “ + 0.3 mg. Cu 25.2 1.07 
ll o ——_- = 26.1 1.13 
1l ” “« +HS 72.4 1.14 

















of copper (Table III) not only inhibits the production of non- 
protein nitrogenous compounds and inorganic phosphorus but 
also retards the liberation of iron, although to a less marked degree; 
while all three phases of the reaction are accelerated by the pres- 
ence of hydrogen sulfide. Stern (14) has found that cathepsin 
in calf liver and spleen is activated by iron but is inhibited by 
copper. 

The recombination of iron with protein (?) is evidently brought 
about by some mechanism other than that responsible for its 
cleavage, since the non-protein nitrogen and the inorganic phos- 
phorus do not show any similar decline. The addition of copper 
to the peptic digest was without effect, but the presence of HS 
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Fia. 1. The effect of autolysis and peptic digestion on the iron content 
of the protein-free filtrate from fetal calf liver. 
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Fic. 2. The effect of autolysis and peptic digestion on the nitrogen and 
inorganic phosphorus content of the protein-free filtrate from fetal calf 


liver. 
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brought about a marked increase in the iron content of the pro- 
tein-free filtrate over that produced, in equal time, by pepsin. 
H.S is known to activate plant proteases (15). 
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Fia. 3. The effect of autolysis on the iron content of the protein-free 
filtrate of liver from different sources. The values for fetal calf liver are 
divided by 2. 


Similar autolysis experiments have been conducted with calf 
liver and beef liver. The curves in Fig. 3 compare the results 
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obtained with those already recorded for fetal calf liver. It will 
be seen that in using fetal calf liver in our first experiments we 
have accidentally chosen a source of liver most admirably suit- 
able for demonstrating the changes in iron distribution accom- 
panying autolysis. These results will be referred to again in 
connection with later experiments. 
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Fic. 4. The effect of autolysis and peptic digestion on the iron and nitro- 
gen content of the protein-free filtrate of beef spleen. 





That the autolysis and proteolysis of beef spleen are accompanied 
by changes in the iron content of the protein-free filtrate similar 
2 to those found with liver is shown in Fig. 4. In the peptic di- 
gestion of spleen tissue, however, the reactions involving the 
liberation of inorganic iron and the increase in non-protein nitro- 
f gen seem to be more closely related. 








XUM 





256 Distribution of Iron in Tissues 





Some Factors Affecting These Changes Accompanying Autolysis 
of Liver 


Influence of Previous Treatment with H,S—Experiments with 
anemic rats conducted by a number of workers (Cunningham (16), 
Josephs (17), Elvehjem and Sherman (18)) have revealed that 
copper catalyzes (in vivo) the conversion of inorganic iron into 
organic iron compounds in the liver. We have endeavored to 
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Fig. 5. The effect of previous treatment with hydrogen sulfide on the 
changes in the iron content of the protein-free filtrate during autolysis. 


demonstrate that copper has a similar action in these experiments, 
retarding the decomposition of iron compounds in the early stages 
and accelerating the recombination of iron with organic substances 
in the later stages of autolysis. 

Preliminary experiments in this regard (Table III) showed a 
marked acceleration in the liberation of inorganic iron brought 
about by HS, and a slight retardation of the process by added 
copper. The activation by H,S may possibly be due to the re- 
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moval of the inhibitory action of copper. Krebs (19) has sug- 
gested that the activation of cathepsin by hydrosulfide compounds 
is due to the removal of inhibiting heavy metals by means of com- 
plex formation. The effects of adding copper to the autolysates 
can only be demonstrated satisfactorily when the copper already 
present in the liver has been removed. Since it appears that this 
copper is present in ionic form, it should be possible to effect its 
conversion into cupric sulfide and thus prevent its action. This 


NITROGEN -GM. PER 100 GM. LIVER 





HRS. 50 100 150 


Fig. 6. The influence of previous treatment with hydrogen sulfide on 
the changes in the non-protein nitrogen during autolysis. 


was attempted by preliminary treatment of the tissue with H,S. 
After removing the HS by distilling in vacuo, the autolysis was 
carried out with and without added copper as follows. 

To 100 gm. of beef liver pulp were added 200 cc. of 0.05 n HCl 
and the suspension was saturated with H.S for 30 minutes. The 
H.S was then removed by distilling in vacuo at 40°, and the ma- 
terial finally brought to a volume of 505 ce. A 50 ce. aliquot was 
placed in each of ten flasks. To five of the flasks was added 1 cc. 
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of a copper sulfate solution containing 12 mg. of Cu per cc., and to 
the remaining five flasks an equal amount of water was added. 
After adding 2 cc. of chloroform to each flask, the autolysis experi- 
ment was conducted in the manner described for previous experi- 
ments. 

The results of these experiments are shown in Figs. 5 and 6. 
The first value recorded on each curve is that determined im- 
mediately following the removal of H.S. The results with the 
same beef liver untreated are those of a previous experiment and 
are recorded for comparison. 

The initial stages of the autolysis of liver tissue, which had been 
previously treated with H,S, are characterized by a marked ac- 
celeration of the reactions involving the splitting of iron from or- 
ganic combination (Fig. 5) and the production of non-protein 
nitrogen (Fig. 6). These changes are inhibited by copper. The 
magnitude and the velocity of the reverse reaction between inor- 
ganic iron and some substance precipitated by trichloroacetic acid, 
which takes place during prolonged autolysis, are also greatly 
increased. Contrary to what we had anticipated, copper also 
appears to retard this change. 

We did not succeed, however, in converting all the copper in the 
liver pulp into cupric sulfide by the above procedure. The copper 
content of the liver pulp as determined after ashing the protein-free 
filtrate was 7.1 mg. per kilo of wet tissue. This value was reduced 
to 1.4 mg. per kilo by treatment with HS. 

Autolysis in Presence of H»S—In the preceding experiment it 
was found that during the 30 minutes that the liver tissue was in 
contact with H.S a very rapid cleavage of the iron- and nitrogen- 
containing fractions took place. It was decided to repeat the 
experiment but to keep the liver suspension saturated with H,S 
throughout autolysis. The results, shown in Fig. 7, furnish addi- 
tional proof that the same reaction is responsible for the increase 
in both nitrogen and iron in the trichloroacetic acid filtrate. This 
reaction is presumably promoted by cathepsin and is strongly 
activated by hydrogen sulfide. 

It will be seen (Fig. 7) that in the duration of this experiment no 
resynthesis of organic iron compounds has taken place. The con- 
trol curve is a portion, the first 80 hours, of the complete curve for 
autolyzing calf liver (Fig. 3) in which the decline in inorganic iron 
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did not commence until autolysis had proceeded about 100 hours. 
Later experiments show that the time at which the decline com- 
mences is correlated with the peak in the inorganic iron produced 
during the initial stages of autolysis and that the amount of iron 
recombining with organic substances during prolonged autolysis 
is roughly proportional to the amount of inorganic iron produced 
by proteolysis. From this standpoint, therefore, the same decline 
in the inorganic iron was to be expected in this experiment as that 
shown in the preceding experiment with H.S (Fig. 5). Since the 
amount of iron liberated by proteolysis in the present experiment 
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Fic. 7. The effect of the presence of hydrogen sulfide on the iron and 
nitrogen content of the protein-free filtrate of autolyzing calf liver. 


remains at its maximum up to 80 hours autolysis, it would appear 
that the recombination of iron with organic substances is prevented 
by the presence of H,S. 

Prior to treatment with H,§, the calf liver contained 7.8 mg. of 
copper per kilo of wet tissue as determined in the trichloroacetic 
acid filtrate. At the conclusion of the experiment, the copper con- 
tent was reduced to 1.9 mg. per kilo of wet tissue. A portion of 
the copper present in the liver is not precipitable by H.S in acid 
solution. 

Autolysis with Added Iron—We have carried out some experi- 
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ments to determine the effects of added ferric chloride on the 
changes in the distribution of the iron in liver during autolysis. 
A number of liver suspensions were prepared, each containing 50 
cc. of the same calf liver pulp to which were added varying amounts 
of a solution of ferric chloride in 0.05 nN HCl and an amount of 0.05 
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Fia. 8. The effect of added iron on the changes in the iron content of the 
protein-free filtrate of autolyzing calf liver. Experiments A and B were 
performed with two different samples of calf liver to which different 
amounts of HCl were added. 


N HCl to make a total of 100 ec. of 0.05 n HCl. To each flask were 
added 10 cc. of chloroform. During the course of autolysis 10 ce. 
aliquots were removed from each flask and the iron content of the 
trichloroacetic acid filtrate therefrom determined. 

The results, expressed in the form of graphs in Fig. 8, afford 
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Fic. 9. The proportionality between the increase in inorganic iron after 
5 hours autolysis and the amount of iron added to the autolysates. 
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Fria. 10. The relationship between the decrease in inorganic iron from 
12 to 120 hours autolysis and the amount of inorganic iron liberated during 
the first 12 hours of autolysis. 
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unquestionable evidence that the magnitude of the changes in the 
distribution of iron during liver autolysis depends upon the initial] 
concentration of iron. The quantitative relationship between 
these changes, #.e. the increase in inorganic iron in the early stages 
of autolysis and the subsequent recombination of iron with or- 
ganic substance during prolonged autolysis, and the one variable 
(the amount of iron present at the commencement of autolysis) is 
shown in Figs. 9 and 10. Two of the values plotted in each of 
these graphs are calculated from the data of two experiments with 
added iron (9.2 and 16.1 mg. of Fe, respectively) which are not 
recorded in Fig. 8. The difference in the results with liver from 
various sources (Fig. 3) is now explainable as being due to the 
amount of inorganic iron which they contain. 

In Experiment B (Fig. 8) the autolysate was prepared by adding 
to 50 cc. of liver pulp, 250 cc. of 0.02 n HCl (containing 13 mg. of 
Fe as FeCl;) and 10 ce. of chloroform. During the course of autol- 
ysis 25 cc. aliquots were removed for analysis. The iron analysis 
of the trichloroacetic acid filtrates (Experiment B, Fig. 8) when 
contrasted with Experiment A illustrates the variations in the 
results to be expected from modifications of the experimental con- 
ditions. Two different samples of calf liver were used in preparing 
these autolysates and different amounts of acid were added to 
each. In Experiment A the equivalent of 3.1 cc. of n HCl was 
added and in Experiment B the equivalent of 1.6 cc. of n HCl. 

We have not yet determined the influence of pH on the changes 
in the distribution of iron during autolysis. The actual change in 
pH during the course of the autolysis of beef liver (Fig. 3) has, how- 
ever, been determined with the use of the quinhydrone electrode. 
The initial pH 4.6 changed to pH 4.4 after 3 days autolysis and to 
pH 4.3 at the conclusion of the experiment. 

The effects of adding varying amounts of a dried liver extract 
powder? to autolysates of the same composition as those of Experi- 
ment B have also been studied. The liver extract affected the 
results only by virtue of the iron which it contributed. The iron 
analyses of the trichloroacetic acid filtrates in one of these experi- 
ments (Experiment C), in which 3.48 gm. of liver extract powder 
were added, are recorded in Table IV. 


2 Connaught Laboratories. 
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Iron Content of Trichloroacetic Acid Precipitates from Autolyzing 
Liver 

The trichloroacetic acid precipitates in Experiment B were sus- 
pended in water, filtered, and thoroughly washed with water on the 
filter paper. The residues were dried on the filter papers at 100°. 
The iron content of a portion of each dried residue was deter- 
mined after digesting with perchloric-sulfuric acid mixture. 

With the use of the trichloroacetic acid precipitates retained 
from Experiment C, the solubility of the iron compounds therein, 


Taste IV 


Distribution of Iron between Trichloroacetic Acid Precipitate and Filtrate of 
Autolyzing Calf Liver 
The results are expressed in mg. of Fe per 25 cc. of autolysate. 












































Experiment B Experiment C 
Precipitate Trichl tic acid precipitate reprecipi- 
Duration ; tated from 80 per cent alcohol 
- Filtrate| Total |roasetic = 
utolysis : recipitate 
. ee hod Ge = Filtrate | Total 
t e 
= Pex, | Tora | Ber 
hrs. mg 
0 0.47 | 0.097] 0.59 | 1.06 | 0.900} 401.8) 0.418) 0.104 0.009) 1.327 
12 0.27 | 0.083] 0.87 | 1.14 | 1.090} 288.8} 0.220) 0.076) 0.007) 1.313 
34 0.21 | 0.076) 0.92 | 1.13 | 0.946} 283.4) 0.344) 0.121) 0.009) 1.299 
62 0.34 | 0.106} 0.80 | 1.14 | 0.830} 232.9) 0.357] 0.153) 0.004) 1.191 
84 | 0.47 | 0.144) 0.61 | 1.08 | 0.784) 274.4) 0.440) 0.160} 0.007] 1.231 
107 0.49 | 0.151) 0.57 | 1.06 | 0.666} 255.8) 0.512] 0.200) 0.007) 1.180 
155 0.59 | 0.180) 0.33 | 0.92 | 0.620) 262.5) 0.580) 0.221) 0.022) 1.222 
209 | 0.72 | 0.213) 0.24 | 0.97 
240 0.80 | 0.250) 0.21 | 1.01 | 0.548} 259.5) 0.727) 0.280 0.015} 1.290 











in warm 80 per cent alcohol, was determined as follows: Each 
trichloroacetic acid precipitate was suspended in about 75 cc. of 
of water and dissolved by adding 2 ec. of N NaOH. The solution 
was heated on a boiling water bath for 30 minutes, cooled, and 
reprecipitated by adjusting to pH 6.5 (thymol blue) with 0.4 cc. of 
N HCl. After evaporating to a volume of about 15 cc., the solu- 
tion was made 80 per cent alcoholic by adding absolute alcohol. 
The precipitate was separated by centrifuging and the clear super- 
natant liquid decanted. The alcohol extracts from the different 
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trichloroacetic acid precipitates varied in color from a pale yellow 
(0 hours autolysis) to a golden brown color (107 hours autolysis), 
The precipitate was washed by stirring with 20 cc. of 80 per cent 
alcohol in a water bath at 50° for approximately 10 to 15 minutes, 
Four such washings were necessary to extract all of the yellow 
pigment. The combined alcohol extracts were evaporated to a 
small volume and the iron content determined after digesting with 
perchloric-sulfuric acid mixture. 

The alcohol precipitate was dried at 100° for 24 hours, weighed, 
and samples taken for iron determinations as before. 

The results of these analyses are shown in Table IV. It may 
be concluded from these results that the iron which disappears 
from the trichloroacetic acid filtrate during prolonged autolysis is 
to be found in combination with substances also insoluble in warm 
80 per cent alcohol. Although the alcohol extracts contain a 
considerable amount of material, including a yellow pigment the 
amount of which increases with the duration of the autolysis up to 
107 hours, they contain only a negligible proportion of the total 
iron. 


Nature of Iron-Containing Substance Precipitated by Trichloroacetic 
Acid 
The result of these studies which calls for special comment is the 
finding that, during prolonged autolysis of liver and spleen, syn- 

thesis of an organic iron compound takes place, presumably by 
the interaction of inorganic iron and some primary product of 
autoproteolysis. In the following fractionation of liver we have 
separated a substance, proteose in nature and rich in iron, with 
properties which suggest its identity with the iron-containing sub- 
stance formed during autolysis. 

Beef liver (7 kilos) wasfractionated by the procedure of McHenry, 
MacLean, and Best (20). The material precipitated from 95 per 
cent alcohol after removal of proteins, and which constitutes their 
“liver extract,”’ still contains substances precipitable by trichloro- 
acetic acid. This fraction was separated quantitatively and twice 
reprecipitated by dissolving in the minimum amount of 0.1 N NaOH 
and precipitating from a 3.5 per cent trichloroacetic acid solution. 
The precipitate was again dissolved in 0.1 N NaOH and an equal 
volume of 5 per cent H.SO, added. Precipitation with mercuric 
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sulfate from ether-alcohol solution according to Felix and Friihwein 
(21) was next carried out. The mercury precipitate, after washing, 
was decomposed with HS and the sulfuric acid removed with 
baryta. Evaporating the filtrate to dryness yielded 0.23 gm. of a 
yellow-colored residue containing 0.33 per cent Fe and 16.3 per 
cent N. This fraction gave a strong biuret reaction, was insoluble 
in 80 per cent alcohol, and was extremely resistant to low tempera- 
ture ashing with HNO; (McFarlane (9)). We have not examined 
this material further and have still to determine whether its 
amount is increased by autolysis. The filtrate after trickloroace- 
tic acid precipitation contains material precipitated by tannic acid 
but which, however, contains no iron. 


SUMMARY 


The distribution of iron and copper in adult rat liver has been 
studied with the following results. (a) Approximately one-half 
(43 to 60 per cent) of the iron in perfused rat liver tissue is in 
non-hematin form in so far as it reacts with bipyridine after re- 
duction with sodium hydrosulfite. (6) The total iron ina trichloro- 
acetic acid filtrate reacts directly with potassium thiocyanate in 
acid solution after oxidation with hydrogen peroxide. The iron 
in this fraction accounts for only about 40 per cent of the non- 
hematin iron. (c) About 50 per cent of the total iron in the tri- 
chloroacetic acid filtrate is precipitated along with organic sub- 
stances by normal lead acetate. (d) All of the copper in liver 
tissue is contained in the trichloroacetic acid filtrate and reacts 
directly with sodium diethyldithiocarbamate. 

The digestion of fetal calf liver, adult rat liver and muscle tissue, 
and beef spleen by pepsin at about pH 2.0 produces a 5-fold increase 
in the iron content of the-trichloroacetic acid filtrate. The value 
reaches a maximum in about 40 hours. 

The autoproteolytic changes in liver and spleen at pH 4.5 also 
include the decomposition of organic iron-containing compounds, 
presumably iron proteinates. This decomposition is accelerated 
by HS and inhibited by copper. During prolonged autolysis 
there takes place a recombination of iron with organic substances 
(presumably proteose in nature), the magnitude of which is de- 
pendent upon the amount of iron liberated by proteolysis. 
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Despite the fact that the completely depancreatized dog can now 
be maintained in good nutritional condition for long periods of time 
by means of insulin, certain pathological changes make their ap- 
pearance in the tissues of these animals. Ina previous communica- 
tion it was shown that a large proportion of the depancreatized 
dogs kept in this laboratory for periods over a year developed 
cataractous involvements of the lenses, which varied from faint 
striations to diffuse opacification (1). The present report deals 
with the blood lipids of these animals. A marked disturbance was 
observed in these constituents of the blood. In addition to a 
general lowering of the lipid level, the esterified cholesterol fraction 
had either completely disappeared or had been greatly reduced in 
amount. 


EXPERIMENTAL 


Completely Depancreatized Dogs—Following complete pancreatec- 
tomy, the animals were fed twice daily a diet consisting of 225 gm. 
of lean meat, 70 gm. of sucrose, and 5 gm. of bone ash. Each dog 
also received a vitamin B’concentrate prepared from rice bran (2). 
From the beginning of the experiment to September 1, 1933, vita- 
mins A and D were supplied as the unsaponifiable portion of cod 


* A preliminary report of this investigation appeared in Proc. Soc. Exp. 
Biol. and Med., 31, 149 (1933). 

The expense of this investigation was defrayed in part by grants from the 
Research Board of the University of California, Berkeley, and from the 
Christine Breon Fund for Medical Research of the University of California 
Medical School, San Francisco. The insulin was generously donated by Eli 
Lilly and Company. 
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liver oil. On the latter date, however, raw cod liver oil was sub- 
stituted as the source of these vitamins. The animals were in- 
jected with 8 units of insulin at each time of feeding. The 24 hour 
sample of urine always contained glucose in varying amounts from 
day to day. Throughout the period of observation indicated in 
Tables I and II, the animals were in a well nourished state and 
possessed ravenous appetites, immediately consuming all food 
presented. Ten depancreatized dogs are included in this study. 

Normal Dogs—To obtain normal lipid values, ten normal animals 
were fed twice daily a mixture consisting of meat, sucrose, and bone 
ash. They also received the vitamins that were supplied to the 
depancreatized dogs. Two of the normal dogs were litter mates 
of animals that had been depancreatized. Thus dog N.A. was a 
litter mate of dog D. C., which had been depancreatized on Septem- 
ber 1,1931. Dogs D.B., D. G.,and N. B. are also litter mates, the 
two former having been depancreatized and the latter retained as 
a normal control. The normal dogs were maintained on this diet 
for periods varying from 32 to 838 days. All normal animals used 
were in good nutritional condition and completely ingested all food 
in a very few minutes after it was served. 

Sampling of Blood—The animals were fed at 8.00 a.m. and 4.00 
p.m. daily, while the samples were taken, as a rule, between 7.00 
and 8.00 a.m. on the days recorded. Hence, unless otherwise 
stated, examination of the blood was made between 15 and 16 
hours after the ingestion of the last meal and the last injection of 
insulin. 10 cc. of whole blood taken from the femoral artery were 
pipetted with continuous stirring into a 125 ec. Erlenmeyer flask 
containing 40 cc. of 95 per cent alcohol. Analyses were begun as 
a rule immediately after the blood sample was taken; but when 
this was not possible the flasks were stoppered with tin-foil-covered 
corks and stored in the dark at —1° until analyzed. The animals 
were accustomed to being handled and showed no excitement dur- 
ing removal of blood. 

Extraction of Blood—The sides of the flask were scraped clean of 
adhering blood and washed down with amounts of 95 per cent 
ethyl alcohol and ethyl ether, sufficient to make the volume of 
solvent in the flask 75 ce. of a 3:1 aleohol-ether mixture. The mix- 
ture was refluxed in a water bath for 1 hour at approximately 55°, 
with vigorous rotation of the contents at intervals. A glass coil, 
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sealed through the bottom of a small beaker, served both as con- 
denser and cover for the flask. The coil was cooled by the passing 
of astream of cold water through it. After cooling, the entire mix- 
ture was transferred quantitatively to a 100 cc. glass-stoppered 
volumetric flask. The contents were made up to volume at 20° 
and filtered through fat-free filter paper into a glass-stoppered 
flask. Inasmuch as alcohol, ether, and petroleum ether have 
relatively high coefficients of expansion, extracts were always made 
up to volume at 20° and brought back to that temperature when 
samples were removed for analyses. 

Determination of Cholesterol (Free, Total, and Esterified)—Free 
cholesterol and total cholesterol were determined after the manner 
of Okey (3), with modifications suggested to us by Dr. Okey her- 
self. The lipids were saponified with freshly prepared 2.5 per 
cent sodium ethylate instead of sodium hydroxide. After acidifica- 
tion the residue was completely extracted with petroleum ether. 
The successive portions of petroleum ether were filtered into a 
glass-stoppered volumetric flask and made up to volume. Aliquot 
portions were taken for determination of both total cholesterol and 
total fatty acids. Carbon dioxide was used instead of air as the 
agent for removing the last traces of solvent. The time of oxida- 
tion was extended to 35 minutes. 

A modification of the acetone washing introduced by Yasuda (4) 
was used in the determination of free cholesterol. Following the 
evaporation of the alcohol, which results in the complete precipita- 
tion of the cholesterol digitonide, 5 cc. of acetone were added to the 
flask and the contents warmed to facilitate the disintegration of the 
residue. 15cc. of ethylether were then added. Thereafter Okey’s 
procedure was followed, except that after the fourth ether washing 
the asbestos pad was washed with a few cc. of acetone and sucked 
dry, and the remaining portions of acetone were then removed with 
a little cold water. In this way the last traces of ether were re- 
moved from the pad with a minimum of suction. 

Esterified cholesterol was calculated as the difference between 
total and free cholesterol. 

Phospholipid—The method of Bloor (5), with a few minor 
changes, was used. After the washing of the precipitated phos- 
pholipids with acetone, the precipitate was drained and dried in a 
current of carbon dioxide. The modifications of Page et al. (6) 











270 Blood Lipids in Depancreatized Dogs 


were adopted in so far as the extraction process was concerned. 
The precipitated phospholipids were dissolved in 15 cc. of ether, 
and suction was employed in transferring the solution to the 
oxidation flask. 

Total Fatty Acids—Total fatty acids were determined by the 
method of Bloor (7). 

Total Lipid—Total lipid was calculated as the sum of total fatty 
acids and total cholesterol. 

Residual Fatty Acids—This portion, namely the fatty acids 
other than those in combination with phospholipid and cholesterol, 
was obtained by subtracting the sum of the fatty acids present in 
the phospholipids and in the cholesterol esters from the total fatty 
acids: total fatty acids — ((0.67 X weight of phospholipid) + 
(0.73 X weight of esterified cholesterol)). The fatty acid in com- 
bination with the cholesterol is assumed to be oleic acid (8). 

All solvents employed in this investigation were freshly dis- 
tilled. Prior to distillation, the alcohol was purified by refluxing 
over potassium hydroxide for 4 to 6 hours. The ethyl ether was 
peroxide-free. In the case of petroleum ether, purification was 
effected before distillation by shaking at intervals with concentrated 
sulfuric acid over a period of 24 hours. 

The determinations of the blood lipids were carried out in tripli- 
cate, and the values recorded are the averages of closely agreeing 
results. Blood sugar was determined with the copper-iodometric 
reagent of Shaffer and Somogyi (9), the filtrate being obtained by 
the precipitation of blood with zine hydroxide (10). 


Results 


Normal Dogs—The lipids of the whole blood of ten normal dogs 
are shown in Table I. The total lipid content varied from 644 to 
465 mg. per 100 cc. of blood, while the maximum and minimum 
values for total fatty acids were respectively 439 and 309 mg. 
The phospholipid values obtained were 391 mg. per 100 cc. of whole 
blood for the highest and 286 mg. for the lowest. Total choles- 
terol fluctuated between 137 and 205 mg. per 100 cc. of blood; the 
free or uncombined portion of this consisted of 144 mg. in the case 
of the maximum value and 104 mg. in the case of the minimum 
value, whereas the esterified portion varied from 66 to 29 mg. 
per 100 ce. of blood, that is from 33 to 19 per cent of the total 
cholesterol. 
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The animals may be divided into two groups with regard to the 
time during which they were kept on the relatively low fat diet. 
Thus dogs N.A. and N.B. were fed this diet for 2.3 and 1.3 years 
respectively, while the other normal dogs received it for periods 
varying from 32 to 102 days. It is interesting to note that the 
blood lipids of the animals maintained for the longer period on 
the diet were not lower than those obtained from animals re- 
ceiving the diet for shorter periods. 








Taste I 
Whole Blood Lipids (Postabsorptive) in Normal Dogs 
Days Cholesterol Total | Phos- | Resid- 
Dog | Sex | Weight] on fatt pho- — Teal 
diet Total | Free Ester acids | lipids pn 

















mg. mg. mg. per 
Me 18a 186 ce} 186. Jaf ttl} 190 2. | 100 ce. | 100 cc. | 10% cc. 

N. A. | F. | 25.0 | 742 | 163 | 123 | 40 | 25 | 399 562 
838 | 205 | 144 61 30 | 439 | 343 | 164 | 644 

N. B. | M.] 9.2 | 415 | 183 | 126 | 57 | 31 423 606 
462 | 197 | 131 | 66 | 33 | 434 | 300 | 185 | 681 

N. F. | 13.0 | 32] 179 | 142 | 37 | 21 398 577 


66 | 168 | 135 | 33 | 20 | 402 | 365 | 134 | 570 
22.0 | 102 | 157 | 124 | 33 | 21 | 385 | 286 | 169 | 542 
M.| 16.8 | 87 | 156 | 127 | 29 | 19 | 309 | 303 85 | 465 
* | 9.3] 53] 172 | 132 | 40 | 23 | 425 | 288 | 203 | 597 
“ 112.0] 60] 163 | 182 | 31 | 19 | 364 | 322 | 125 | 527 
* 110.3} 93] 155 125 | 30 | 19 | 390 391 | 106 | 545 
“ 112.5] 76] 170 | 136 | 34 | 20 | 382 | 376 | 105 | 552 


M.} 8.8] 32 137 104 | 33 | 24 | 370 507 
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* Laparotomy performed 1 month before animal was put on diet. 


Completely Depancreatized Dogs—The blood lipids of ten de- 
pancreatized dogs are shown in Table II, and these values, along 
with those obtained in the normal animals, are summarized in 
Table III. The results taken as a whole show a marked reduction 
in the postabsorptive level of the total lipid, total cholesterol, 
phospholipid, and total fatty acids in the blood of depancreatized 
animals. In the case of the above lipid constituents, the maximum 
values obtained in the depancreatized animals were below the mean 
values found in the normal dogs. The residual fatty acids show a 
slight decrease in the depancreatized animal as compared with the 
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normal, but it is doubtful whether too much significance should be 
attached to this constituent, since it is obtained by a calculation of 
three other experimentally determined values and consequently, 


TaBie II 


Whole Blood Lipids (Postabsorplive) 





in Completely Depancreatized Dogs 






































| | | $ $3 | Cholesterol 3 ; 
preg ae ec | /3/2 
sh | Sea Rana 
a| °2 |3se| . (21 alas 
s [eld] $8 |e22/ 2/2) & | 2/28 
& |e a} & a | & rs es | & 3 
| mg mg. mg. per mg. mg. mg 
by | ke. | 255 | 5p | Bae | cont | Bas | Bes | Bas 
| ee. ce. ce. |total| cc. ce. ce. 
D. A.* |F. | 9.7] Mar. 11,| 131 {100 97] 3) 3) 286 
1931 | 141 |104 | 109] —5| —5| 262! 
D. B.* [M.| 8.0| July 27, 59 |101 | 102} —1} —1| 226 
1932 | 72 |108t| 109] —1| —1| 304 
D. C.* |F. |10.7| Sept. 1,| 106 |102| 95} 7] 7| 274 
1931 | 119 | 99¢| 100] —1| —1| 216 146) 118 
D. D.* |M.| 7.8) Sept. 1,) 55 |114| 109] 5] 4) 315 
1932 | 64 |123| 120] 3] 2) 288) 254| 116 
D. E.t |F. | 7.5) Sept. 5,] 55 |101 | 100] 1/1) 260 
1932 | 64 | 96| 99] —3) —3| 236) 152) 134 
D. F.* | | 9.4) Mar. 2,) 133 [113 | 116] —3] —3| 260) | 
1931 | 140 |124 | 127] —3| —2) 347 263 171 
D. G.t | | 6.7} Aug. 1,| 60 {112 | 114] —2| —2| 225 
1932 | 71 |108 | 109} —1] —1) 253) 223) 104 
D. H.§ |“ | 9.7| Sept. 2, 3 |116 | 119] —3| —3, 254, 
1933 | 10 |116 | 117] —1| —1! 230 207) 91 
D. 1§ | | 5.5) July 30, 26 [111] 109] 2| 21 272! 158] 165 
1933 | | 
D. J.* | | 7.2| June 29,| 75 |106 | 106] 0} 0 208 
a dl 1982 } | | 














2 SYS | Total lipid 


8 SRE | Blood sugar 


$3 8 


417 


476 


246 





426 





* Cataracts were present in animal. 


t Blood samples taken 9 hours after previous meal. 


t Cataracts were absent in animal. 


§ Animal was not studied with regard to cataractous changes (1). 


as pointed out by Bloor (8), is affected by the errors inherent in 
each determination. 
The most striking change observed was the decrease in the 
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cholesterol of the blood of the depancreatized animals. The re- 
duction, however, did not occur to the same extent in the different 
cholesterol fractions. ‘The decrease was most marked in the esteri- 
fied portion that had completely disappeared from the blood of 
eight of the ten depancreatized dogs recorded in Table II. In the 
two remaining animals, namely dogs D.D. and D.I., values ranging 


TaB.e III 
Summary of Blood Lipids of Normal and Completely Depancreatized Dogs 
The values are expressed in mg. per 100 cc. 














Normal Depancreatized 
|Maximum |Minimum | Mean /|Maximum |Minimum Mean 
Cholesterol 
Pee. 2A 205 137 170 124 96 109 
PR ais fds bree 144 104 129 127 95 109 
NG che wash 66 29 40 7 0* 1 
“as per cent 
Shc an0 0s <5 33 19 23 7 0 1 
Total fatty acids.....| 439 309 394 347 216 266 
Phospholipid......... 391 286 330 265 146 204 
Residual fatty acids .| 203 85 142 171 91 128 
Total lipid...........| 644 465 563 471 315 374 
Ratios 
Total fatty acids 
to total lipid..... 0.73 0.67 0.70 0.74 0.67 0.71 
Total cholesterol 
to total lipid..... 0.33 0.27 0.30 0.33 0.26 0.29 
Phospholipid to 
total cholesterol..| 2.5 15 | 1.9 2.2 1.5 1.9 




















* Negative values considered as 0. 


from 2 to 4 mg. per cent were found as compared with a range of 
of 66 to 29 mg. in the normal dogs. 

In the absence of esterified cholesterol, both free and total 
cholesterol are equal, but inasmuch as the determination of total 
cholesterol involves one manipulation more than the free, namely 
saponification, it is to be expected that total cholesterol in this 
special case would yield results slightly lower than free cholesterol. 
This no doubt accounts for the negative values for esterified chol- 
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esterol, which nevertheless were within the limits of experimental 
error. 

The lipid ratios, namely total fatty acids to total lipid, total 
cholesterol to total lipid, and phospholipid to total cholesterol, 
for both normal and depancreatized dogs are shown in Table III. 
Despite the extensive changes that occurred in the different blood 
lipid constituents of the depancreatized animals, the mean values 
of these ratios for the depancreatized dogs were in close agreement 
with those calculated for the normals. Thusin both depancreatized 
and normal dogs approximately 70 per cent of the total lipid in the 
blood was present as fatty acids, a value which agrees closely with 
the value observed by us in the whole blood lipids of man (11). 
Moreover, the maximum and minimum deviations from the mean 
values obtained for the above three ratios were practically the 
same in normal and depancreatized dogs. Apparently in the 
presence of the profound disturbance of the blood lipids that had 
occurred in the depancreatized dog, the normal relation of total 
fatty acids, total cholesterol, and phospholipid to each other has 
been maintained. 


DISCUSSION 


The significant change observed in the blood lipids in the post- 
absorptive state of the completely depancreatized dogs maintained 
in good nutritional condition for long periods of time by diet and 
insulin was a lowering of the lipid level that involved total fatty 
acids, phospholipid, and cholesterol. In the case of cholesterol a 
complete disappearance of the esterified portion occurred in most 
of the animals. These changes in the blood lipids may make 
their appearance in a relatively short time, for the complete ab- 
sence of esterified cholesterol from a single dog (D.H.) was observed 
3 weeks following pancreatectomy. 

In seeking an explanation for the lowered lipid level, and in 
particular for the absence of esterified cholesterol in the blood of 
the completely depancreatized dog, it is necessary to consider the 
following factors: the dietary conditions under which these animals 
were maintained; the absorption of fats from the intestinal tract 
in the absence of pancreatic juice; the state of the liver, since it is 
intimately concerned with lipid metabolism; and finally the degree 
of diabetes present in these animals. The significance of these 
factors will be discussed in the above order. 
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Low Fat Diet—The diet employed in this study is relatively low 
in fat, but this in itself cannot have produced marked variations 
in the esterified portion of cholesterol, for Bloor (8) found that 
decreasing the fat content from approximately 33 to 6 per cent of 
the caloric value of the diet produced only a small change in the 
esterified cholesterol of the plasma of dogs. In the present study 
the blood of the normal dogs that received the same diet as that 
of the depancreatized animals contained esterified cholesterol in 
amounts varying from 19 to 33 per cent of the total cholesterol, 
and it is important to note that animals receiving this diet for as 
long as 2.3 years, a period comparable with the period of survival 
of some of the depancreatized dogs, did not show lower esterified 
cholesterol values than the normal] animals receiving this diet for 
periods as short as 1 month. The foregoing considerations there- 
fore rule out the diet per se as a factor instrumental in the disap- 
pearance of esterified cholesterol from the blood of the depan- 
creatized dog. 

Digestion and Absorption of Fat—The complete absence of pan- 
creatic juice from the intestine of these dogs definitely interferes 
with the digestion and absorption of fats. Since esterified choles- 
terol of the blood has been shown to increase during the absorption 
of fat (12-14), it is quite conceivable that an impairment in this 
process might lead to a diminished content of combined cholesterol 
in the blood. The effect of faulty fat absorption upon blood 
cholesterol has recently been reinvestigated by Hawkins and 
Wright (15), who produced this by total exclusion of bile from the 
intestinal tract. These workers found high plasma cholesterol 
values with a normal ratio of ester to total cholesterol in a dog that 
had received no bile in its intestine for a period of 7 months follow- 
ing total obstruction of the’bile duct. Since the normal cholesterol 
ester ratio is maintained despite the profound disturbance in the 
fat assimilation produced by the total absence of bile from the 
intestine, it seems unlikely that defective digestion and absorption 
of fats is the causative factor for the disappearance of esterified 
cholesterol from the blood of the completely depancreatized dog 
maintained with insulin. Further evidence in accord with this 
view is supplied by the observations of Ling (14) on the blood 
lipids of dogs receiving a fat-free diet for a period of 6 months. 
Although a lowering in the blood lipids was observed, this was due 
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largely to constituents other than cholesterol and lecithin. The 
diet consisted of 10 parts of dried beef (extracted, fat-free), corn 
starch 81 parts, yeast 5, and a salt mixture' 4 parts. At the most 
it contained 0.5 per cent fat. 

Liver and Bile—The relation of the liver to these blood lipid 
changes, particularly cholesterol, in the depancreatized dog is 
obviously of importance, and a study of the lipids of this organ is 
in progress. Although the part played by the liver in sterol 
metabolism is at present poorly understood, it has been demon- 
strated that large amounts of esterified cholesterol accumulate in 
the liver during the ingestion of diets rich in free cholesterol (16, 
17). Moreover, a decrease or even a complete absence of esterified 
cholesterol from the blood has been found in parenchymatous de- 
generation of the liver (15, 18-20). This has been ascribed by 
some workers to an interference in the enzymatic synthesis of 
esterified cholesterol, a process regarded as largely dependent upon 
the intact liver cell (18, 19). Still others have advanced the belief 
that impaired absorption of cholesterol resulting from interference 
in the excretion of bile has led to the diminished amount of esterified 
cholesterol in the blood in hepatic disease (20). This latter ex- 
planation is not borne out by the recent observations of Hawkins 
and Wright already referred to above. 

It has been repeatedly shown in this laboratory that the bile 
ducts remain unobstructed in completely depancreatized dogs 
that have been kept alive for as long as 2 or 3 years. Moreover, 
Berg, Zucker, and Robin (21) have found no alteration in gall- 
bladder function in dogs as the result of pancreatectomy. It may 
be concluded therefore that the disappearance of esterified choles- 
terol in the blood of the completely depancreatized dogs main- 
tained in this laboratory cannot be ascribed to an absence of bile 
in the intestine. 

The livers of the depancreatized dogs in the postabsorptive state 
contained as much as 20 per cent or more fat (22). By histological 
examination it was found that the liver cells contained no normal 
cytoplasm, the cells being completely filled with fat.2_ Since chronic 


' McCollum, E. V., and Simmonds, N., J. Biol. Chem., 38, 55 (1918). 

? The histological examination of this tissue was carried out by Dr. C. L. 
Connor of the Division of Pathology of the University of California Medical 
School. 
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liver damage in the dog has been shown to diminish or even lead to 
a disappearance of ester cholesterol from the blood (15), it is not 
improbable that impaired liver function associated with the ac- 
cumulation of fat in this organ may be responsible for the absence 
of esterified cholesterol from the blood of completely depancreatized 
dogs maintained with insulin. The relation of the abnormal state 
of the liver cell to the disturbed blood lipid picture, however, 
requires more detailed investigation. In some preliminary ob- 
servations on the liver of these animals, it has been found that as 
much as 75 per cent of the total cholesterol was in the form of the 
ester (22). The distribution of esterified cholesterol in this animal 
is therefore striking; it is entirely absent from the blood and com- 
prises the major portion of the cholesterol in the liver. 

Insulin Insuffictency—Blood lipid studies have been the subject 
of numerous investigations in diabetic subjects (23-27). In pa- 
tients receiving insulin treatment, the blood lipid level may be 
normal, although high and low values are by no means uncommon 
(23, 24). Thus Joslin (23) reported that 60 per cent of 116 
insulin-treated diabetics studied during 1926-27 had plasma 
cholesterol values ranging from 100 to 230 mg. per cent, with an 
average value of 186, whereas the average value observed in nor- 
mal subjects was 230 mg. per cent. As regards esterified choles- 
terol, Bloor, Buckner, and Gibbs (25) found this constituent in- 
creased to the extent of 10 to 15 per cent above normal in diabetic 
patients, most of whom were under insulin treatment. It is clear 
therefore that the diabetic patient presents no marked disturbance 
in lipid metabolism so long as sufficient insulin is available to him. 
However, an increase in all lipid constituents is of frequent oc- 
currence in conditions of insulin insufficiency such as diabetic aci- 
dosisorcoma. An increased level of the blood lipids has also been 
observed by Bloor, Gillette, and James (28) in the insulin insuf- 
ficiency induced in dogs by excision of nine-tenths of the pancreas. 
These animals, of course, received no insulin treatment following 
the operation. 

As judged by the blood sugars in the postabsorptive state which 
ranged from 246 to 476 mg. per cent, and by the presence of glu- 
cose in the 24 hour sample of urine, the insulin administered to the 
completely depancreatized dogs in the present study was not 
sufficient to restore the carbohydrate metabolism to normal. It 
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is difficult at present to determine the significance of this insulin 
insufficiency with regard to the blood lipid changes encountered in 
these animals. Since, however, a decrease of ester cholesterol has 
not been noted in the blood of diabetic patients receiving no insulin 
treatment, it may be tentatively assumed that the sterol distur- 
bance observed in the depancreatized dogs maintained with insulin 
is not due to a deficient insulin supply. 


SUMMARY 


1. The whole blood lipids of completely depancreatized dogs 
kept alive for long periods of time by means of insulin were studied 
in the postabsorptive state. 

2. A reduction was found in all lipid constituents, namely total 
fatty acids, phospholipids, and free and esterified cholesterol. 

3. The lowering was most marked in the esterified cholesterol 
fraction. In most of the animals, this constituent had entirely 
disappeared from the blood. 

4. The significance of these lipid changes in the depancreatized 
dog maintained with insulin is discussed. 
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THE EFFECT OF THE SATURATED FATTY ACID CON- 
TENT OF THE DIET ON THE COMPOSITION OF 
THE BODY FAT 


By A. D. BARBOUR 


(From the Department of Biochemistry, Ontario Research Foundation, 
Toronto, Canada) 


(Received for publication, March 24, 1934) 
INTRODUCTION 


During the course of an investigation of the fate of ingested iso- 
oleic acid in the animal body (1), diets containing large amounts of 
lard and hydrogenated shortening were fed to groups of albino 
rats. The diet was as follows: 


per cent 
OS ee. ee ee ee 
cnas 3hve dd exten ede bo n5bh eben ee ee cane eeee oe . # 
Salt mixture (Osborne and Mendel)*.......................... 4 
EE PPE ee eT re Ly 
ons ot nied sia ae AN EIR RS A MARS iS aa er 
Lard or shortening... ...... 0.0... seeeee cece eee eeeeeseeenees 

100 


* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 


A small amount of fresh spinach was also fed daily. The lard 
and shortening had approximately the same total unsaturation as 
measured by the iodine value, but differed in saturated acid con- 
tent by about 8 per cent. When the body fat from the animals 
was examined, the average iodine values of the fats from the two 
groups were equal, but the fats were found to differ only slightly 
in their content of saturated acids. When the feces from the two 
groups over the test period were examined, however, very wide 
differences were found. The fecal fat from the shortening-fed 
group was not widely different in composition from the dietary 
fat, while the fecal fat from the lard-fed group contained more than 
60 per cent of saturated acids, with a correspondingly low iodine 
281 


282 Effect of Saturated Acid Diet 


value and high melting point. The average values for the composi- 
tion of the body and fecal fats are shown in Table I. Apparently, 
when the dietary fat had a higher saturated acid content than 
the normal body fat, the saturated acid content of the latter was 
not raised, as would be expected, but remained approximately 
constant, while the excess dietary saturated acids were rejected 
and excreted. 

The general effect of the unsaturation of the dietary fat on the 
unsaturation of the body fat has been studied frequently (2-5) 
but there has been no study made of the saturated acids separately. 
Arnschink (6) noted that the fecal fat of dogs receiving mutton 


TaBLeE [ 


Average Analyses of Body and Fecal Fat from Animals Fed Lard and Hydro- 
genated Shortening on a 40 Per Cent Level 





y 



































al/= |aal= [g2 ]= |3 
g | $83 | #2 /|82 | #2 | 8> | 38 
a] Fe) Be FS ae FS a 
= | a9 | S| 233 Bs 243 | E*3 
s ee go | B48 38 Bes | 358 
per cent per cent per cent 
Test A 
Lard diet.................| 5 | 63.7 | 35.7 | 73.9 | 27.3 | 33.4 | 63.4 
Shortening diet... 4 | 63.3 | 27.7 | 74.0 | 24.6 | 67.7 | 32. 
Test B 
Lard diet.................| 10 | 63.7 | 35.7 | 76.6 | 26.6 | 23.6 | 67.1 
Shortening diet........... 14 | 63.3 | 27.7 | 76.6 | 25.6 | 





fat showed a higher melting point than the food fat, but did not 
relate this to the composition of the body fat. Munk and Rosen- 
stein (7) observed that under similar conditions the chyle fat 
showed a lower melting point than the dietary fat, which might 
indicate that a portion of the saturated acids in the dietary fat 
had remained unabsorbed. Somewhat similar results have been 
reported by Bloor (8), but the body fat was not examined. 

It was thought of interest to make a further study of this pecul- 
iar behavior of saturated acids, using a variety of dietary fats of 
varying saturated acid content, and observing both the saturated 
acid content and the general unsaturation of the resulting body 
fat. The results of the former experiments (1) were obtained 
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under somewhat abnormal conditions, since the animals were 
fasted before the test in order to deplete their reserve fat, and were 
then fed a restricted synthetic diet with a 40 per cent fat level. In 
the experiments to be described, the rats received a normal ade- 
quate diet, to which 20 per cent of the test fat was added. Young 
growing rats were used, and the feeding was continued over a 
period of 2 months. Linseed oil, peanut oil, cottonseed oil, and 
lard were the fats used for test, with saturated acid contents rang- 
ing from 7 to 30 per cent. In addition, a control group of rats was 
kept on the stock diet alone. At the end of the test period, the 

















TaBLeE II 
Composition of Fats Used in Test Diets 
i Pp Co - s 

te | oll | seed ol | Lard | “Gices 

Iodine value, glycerides..............] 185.0 | 98.1 | 107.4 | 63.7 | 66.7 
. “mixed fatty acids...... 193.8 | 102.7 | 112.6 | 66.7 | 69.9 
Solid acid content, per cent..........} 7.2] 17.0} 22.0] 36.1 | 27.4 
Iodine value, solid acids.............| 3.0 2.8 0.9} 1.0] 4.0 
Saturated acids, per cent.............| 7.0] 16.5] 21.8 | 35.7 | 26.2 

Calculated composition of fat in diets as fed 

Fat content of diet, per cent.........| 23.16} 23.16) 23.16) 23.16) 3.95 
lodine value, fatty acids............. 177.0 | 98.3 | 106.7 | 67.2 | 69.9 
Saturated acids, per cent............. 9.6 | 17.8 | 22.4 | 34.4 | 26.2 




















body and fecal fatty acids were extracted and analyzed. The liver 
fats were examined separately, and in addition the fatty acids from 
the peanut oil-fed group were examined for the presence of arachidic 
acid. 


EXPERIMENTAL 


The animals used for the test were selected from the laboratory 
stock, and were scattered with respect to sex and litter. 

The basic diet was a commercial mixed feed, containing mixed 
grains, barley malt, molasses, meat scrap, buttermilk powder, and 
cod liver oil. This is used on account of its cheapness and conveni- 
ence of form, and has proved completely adequate for growth and 
reproduction over a period of several years. 
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The fat samples used for the test were authentic samples ob- 
tained in Toronto. The analyses of these fats and of the fat in the 
stock diet are shown in Table II. The fat in the stock diet 
amounted to 3.95 per cent, with iodine value 66.7 and saturated 
acid content 26.2 per cent. The actual fat content and composi- 
tion of the diets as fed were calculated from these values and are 
also shown in Table II. 

The animals were placed on the experiments at the age of 28 
days, and the feeding continued for 60 days. The average weight 


Taste III 


Feeding Record Averages and Average Iodine Value and Saturaied Acid 
Content of Body Fat 












































Average body weight 2 33 gs | § 

sPfET To bee “2 | 

2| 2 | s8/s8|—/25| = | 82/3 

5 S| 3 ]es/3| Flas} 2 | fly 

=| 2/35/33) 2/93) = | 28 | 
Zleia*is"|ale’| & | 2° 1s 

gm. gm gm. gm. gm. | per cent pa A 

Control............| 7 | 59 | 122 | 207 | 216 | 157 | 10.0 | 88.5 |27.2 
(01.8)| (3.0)} (0.5) 

Linseed oil.........| 6 | 49 | 80 | 144 | 158 | 109 | 8.8 |103.0 {16.4 
| (o1.8)| (8.8)| (0.7) 

Peanut “........| 8 | 71 | 87| 166| 184| 113| 9.8 | 88.1 [18.3 
(o3.0)| (5.4)| (0.8) 

Cottonseed oil...... | 7 | 47 | 69 | 110 | 123 76 | 10.6 | 97.7 [24.6 
| (o1.3)} (4.7)}(1.2) 

Lard...............| 7 | 49 | 85 | 151 | 163 | 114] 10.4 | 75.4 [25.7 
(02.0)| (4.1)}(0.4) 

















records for each group are shown in Table III. It will be noted 
that better growth was made on the control diet than on any of the 
high fat diets, the poorest growth being shown by the group re- 
ceiving cottonseed oil. 

At the end of the feeding period, the rats were electrocuted and 
the body fat extracted by the modification of Liebermann’s 
method described in detail in the previous paper (1). The livers 
were removed and examined separately. Iodine values were deter- 
mined by the method of Wijs (9) and saturated acids by the lead 














ob- 
the 
liet 


are 


ght 


>. 
a 


33 | tent acia i 


und 
n’s 
ers 
er- 








A. D. Barbour 285 


salt-aleohol method of Twitchell (10) as modified by Baughman 
and Jamieson (11). ‘ 

The results are also shown in Table III. In order to economize 
space, only the average results and standard deviations for each 
group are given. The standard deviation is calculated from the 


equation (12) 
o = VXUd)/n 


where o = standard deviation, d = deviation of each individual 
result from the average, and n = number of results. 



































TaBLe IV 
Analysis of Fecal Fatty Acids and Liver Fat 
Feces Liver 
Palelil. (tlh: 
Diet L. 33 a3 a: 3 3 $3 3 
3 &.| 3s E r £ 
2 a8] fi) | P| be] ie] 2 
aie "|e {a} 2) 2 || 2 
per cent per cent\per cent; gm. |per cent|per cent 
Control.............}| 2.0 | 58.0 | 47.9 | 0.96 | 7.75 | 3.13 | 31.4 | 149.8 
Linseed oil .........| 4.2 | 79.7 | 29.6 | 1.24 | 6.25 | 4.11 | 27.0 | 136.1 
ee: oc lcikies 12.6 | 47.8 | 57.0 | 7.18 | 5.90 | 5.09 141.0 
Cottonseed oil......| 9.9 | 59.5 | 46.4 | 4.60 | 4.89 | 4.96 | 28.1 | 109.8 
Lard................| 13.5 | 44.1 | 60.3 | 8.14 | 6.04 | 5.02 





It is evident that while the iodine values of the body fats are 
dependent on the iodine value of the dietary fat, the saturated acid 
content is dependent on the saturated acid content of the diet. 
Thus, although peanut oil contains less saturated and more un- 
saturated acids than cottonseed oil, its iodine value is lower, and 
the same relationship holds for the body fats of the two groups 
receiving these oils in the diet. 

The feeding of lard, however, does not produce a body fat having 
a proportionately high saturated acid content. Although the satu- 
rated acid content of the lard is 14 per cent greater than that of the 
cottonseed oil, the body fats of the animals receiving these fats 
differ by only 1.1 per cent in saturated acid content, and both are 
slightly lower than the control group on the normal diet. 
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The feces were collected over the test period, those from the 
animals in each group were combined, and the fat extraction and 
analysis carried out in the same way as for the body fat. The re- 
sults are shown in Table IV. 

The fecal fat from the lard-fed animals shows the highest fat 
content, and also the highest saturated acid content; that from 
the peanut oil-fed animals is next, for reasons which will appear 
below. The sample from the linseed oil-fed animals is little higher 
than that of the control, indicating almost complete utilization of 
this oil. It is interesting to note that under these conditions of 
feeding, the saturated acid content is in all cases higher in the fecal 
fat than in the dietary fat, indicating that a portion of the saturated 
acids is unabsorbed in all cases, even with linseed oil. 

It has been shown by Best and his collaborators (13, 14) that 
rats fed diets containing high proportions of fat, particularly satu- 
rated fat, have a tendency to develop abnormally fatty livers. To 
ascertain whether liver damage had taken place during our test, 
the livers were removed and the total fat content separately esti- 
mated. (These estimations were made by the kindness of Miss J. 
H. Ridout of the Department of Physiological Hygiene, University 
of Toronto.) The samples of liver fat from each group were com- 
bined for the determination of saturated acids and iodine value. 
The sample from the group fed lard was lost by accident, and there 
was an insufficient amount of the sample from the peanut oil-fed 
group for a determination of saturated acids. The average results 
are shown in Table IV. There is no evidence of fatty livers; the 
iodine values are high, as would be expected, but there is no 
evidence of any proportionality between the composition of the 
liver fat and the dietary fat. 

It has been stated by Gill and Vaala (15) that the lard from hogs 
which have been fed peanuts does not contain arachidic acid. It 
was thought of interest to determine whether or not the body fat 
of the rats which had received peanut oil in these tests showed the 
presence of this acid. 5 gm. composite samples of the body fatty 
acids from this group were examined for arachidic acid by the 
method of Evers (16). About 5 mg. of crude precipitate were ob- 
tained, which on recrystallization from 70 per cent alcohol gave 
insufficient material for a melting point determination. Even if all 
of this precipitate is arachidic acid, the amount in the body fat 
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does not exceed 0.1 per cent. The fecal fat was also examined for 
the presence of arachidic acid. A 3.07 gm. sample of the mixed 
fecal fatty acids gave 0.736 gm. of crude arachidic acid, which on 
recrystallization from 90 per cent alcohol melted at 71.9°. This 
acid thus makes up at least 24 per cent of the fecal fatty acids from 
this group, and accounts in large measure for the high fecal fat 
concentration and high saturated acid content. 


DISCUSSION 


It would appear from these results that there is a maximum level 
or threshold for saturated acids in the body fat of the albino rat, 
occurring at a saturated acid content of about 25 to 27 per cent. 
The feeding of fats with low saturated acid content may lower this 
level, but the feeding of a fat with higher saturated acid content 
does not raise it. This behavior of the saturated acids cannot be 
accounted for by the melting point of the fats, and bears no rela- 
tion to the iodine value. 

Since the saturated acid content of the fecal fat is in all cases 
higher than that in the dietary fat, it would also seem possible that 
there may be a threshold for each individual fatty acid. This view 
would seem to be supported by the fact that arachidic acid is ex- 
creted almost quantitatively, only traces being deposited in the 
body fat. It would be of interest to study the feeding of synthetic 
mixtures containing only one saturated acid, in different concen- 
trations, in order to determine whether such thresholds exist for 
other fatty acids. 


SUMMARY 


1. In the albino rat fed’fat at a 20 per cent level, the saturated 
acid content of the body fat is proportional to the saturated acid 
content of the diet, while the unsaturation of the body fat, as 
measured by the iodine value, is proportional to the unsaturation 
of the dietary fat. 

2. The saturated acid content of the body fat may be lowered by 
feeding fats of low saturated acid content, but cannot be raised 
beyond a level of 25 to 27 per cent by feeding fats of higher saturated 
acid content. In the latter case, the excess saturated acid is ex- 
creted in the feces, which may thus have very high saturated acid 
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contents. The existence of a threshold for saturated acids in the 
body fat is thus indicated. 

3. Linseed oil, peanut oil, cottonseed oil, and lard, when fed 
to albino rats on a level of 20 per cent in a diet otherwise normal, 
do not cause abnormal deposition of fat in the liver. 

4. The arachidic acid of peanut oil is almost quantitatively ex- 
creted by the albino rat. If present in the body of peanut oil- 
fed rats, its concentration does not exceed 0.1 per cent. 


The author wishes to express his thanks to Dr. H. B. Speakman, 
Director of the Foundation, for his interest and advice, and to 
Mr. Arthur Hurndall for his assistance in the analytical work and 
care of the animals. 
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PEPTIC HYDROLYSIS OF INSULIN 


By A. M. FISHER anv D. A. SCOTT 
(From the Connaught Laboratories, University of Toronto, Toronto, Canada) 


(Received for publication, June 1, 1934) 


Investigations dealing with the chemistry of insulin show that 
this substance bears a striking resemblance to proteins. A few 
of the characteristic properties might be enumerated. Crystalline 
preparations of insulin have an isoelectric point at which the ma- 
terial is insoluble. The elemental composition of the crystalline 
material is similar to that of proteins. It has been shown that 
these crystals contain the amino acids, cystine, tyrosine, arginine, 
histidine, lysine, leucine, and glutamic acid (1). Tryptophane (2) 
and thiomethyl (3) (the latter originating from methionine) have 
not been detected. Moreover, the theory that insulin is associated 
with a protein is supported by the fact that the physiological 
activity of the hormone is destroyed by proteolytic enzymes. 
Dirscherl (4) has shown that the destruction of insulin by pepsin 
is a true example of peptic hydrolysis. 

With this knowledge of the chemical nature of insulin, the ques- 
tion of the association of the physiological activity with the com- 
plete molecule, or with some group or groups (say some amino 
acid), becomes of interest. It has been suggested, in view of ex- 
periments with acidic ethyl alcohol, that a carboxyl group may 
be concerned. Freudenberg has found evidence of two amino 
groups, differing in some réspects, which are also essential (5). It 
has been reported that the free amino groups in insulin can be re- 
moved by the Van Slyke procedure, without completely destroy- 
ing the potency (5,6). Thus, the physiological action of the hor- 
mone cannot be due solely to some definite arrangement of amino 
groups. From measurements of the absorption bands produced 
by insulin, Kuhn, Eyer, and Freudenberg (7) have suggested that 
tyrosine and cystine are of importance when one is considering the 
constitution of insulin. They have found it possible, however, to 
289 
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inactivate insulin with acid or alkali without effecting any change 
in the absorption spectra. Thus it ‘can be said that inactivation 
may proceed, under certain conditions, without destruction of ty- 
rosine. Furthermore, these authors believe that the physiologi- 
cally active group in insulin may contain an asymmetric carbon 
atom. The problem has also been studied by a consideration of 
zymatic hydrolysis of insulin. Charles and Scott (8) have found 
that in the hydrolysis of crystalline insulin with pepsin or trypsin 
the destruction of the physiological activity progresses at a much 
greater rate than does the hydrolysis of the protein. This work 
was confirmed by Freudenberg ef al. (9), who also reported that 
acetyl insulin digested with pepsin or trypsin could not be reacti- 
vated. 

As noted above, in peptic digestion of insulin the destruction of 
the physiological activity proceeds at a much greater rate than 
does the hydrolysis of the protein. This fact might be explained 
in two ways. It may be possible that the intact protein is essential 
for the physiological activity. During hydrolysis, the protein 
would be decomposed into two or more inactive fractions. On the 
other hand, the rapid loss of potency may be due to the cleavage 
of some peptide or amino acid responsible for the hypoglycemic 
properties. In an attempt to shed further light on this problem, it 
was planned to hydrolyze crystalline insulin slowly with crystalline 
pepsin and to remove samples of the digest at various times, corre- 
lating the potency with the composition of the undigested protein. 
In this way it was thought that if the loss in potency during hy- 
drolysis was due to any particular constituent of the insulin pro- 
tein, it might be detected in the chemical analysis. 


EXPERIMENTAL 


In view of the fact that only a limited quantity of crystalline in- 
sulin was available for this work, it was necessary to become 
familiar with a process which would permit the analysis of a small 
quantity of material, viz. about 200 mg. After attempting the 
analysis of 200 mg. samples of gelatin by several methods, it was 
found that consistent results for the nitrogen fractions enumerated 
in Van Slyke’s scheme could be obtained by using a modified form 
of Hanke and Koessler’s (10) procedure for the precipitation of the 
basic amino acids in protein hydrolysates. (This process is de- 
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scribed in detail later in the present paper.) Samples of amor- 
phous insulin (15 international units per mg.) were then analyzed 
by this method. The results which were obtained with three 
samples of this material are recorded in Table I. Since the results 
agreed in general, it was decided to repeat the procedure with 200 
mg. of crystalline insulin (Sample A) and to compare the results 
with those reported by other investigators who used larger samples 
ofinsulin. The results of this experiment together with the values 
obtained by other workers are recorded in Table II. Although 
certain values show considerable variation, the results obtained in 


TaBLe | 
Nitrogen Distribution in Amorphous Insulin 
200 mg. of amorphous insulin were used; all values are in per cent of 
total nitrogen. 




















Sample A | Sample B Sample C 
Ammonia N 8.4 9.7 8.0 
ta hale SE eat PEE, BRA eh: 0.07 0.1 0.13 
Total “ monoamino fraction*.......... 63.0 62.3 63.3 
Amino “ wa Or. alee reat 64.5 64.0 63.3 
Histidine N.. irk wid neolt naan ante 6.7 5.75 5.15 
Cystine N (Folin). bce wan ad alee 8.7 8.0 8.3 
Arginine N .. adhe sete eens oe weenie 8.95 8.8 13.5 
Lysine N... Rela pts 5.3 6.5 3.5 
Distillate jon sconvel of HCl. ree} 0.09 0.3 0.18 
* nS? A): Re ae 
Total. ee ere 101.4 | 102.1 





* Calculated on a cystine-free basis. 


this work are in general agreement with those of other investiga- 
tors. Accordingly, the use of this method seemed justifiable. 
Since some interest has been attached to the difference in cystine 
values, depending upon whether the method of Folin and Marenzi 
(11) or Sullivan’s (12) procedure was used, it was decided to plan 
for the use of a larger sample (225 mg.) and determine the cystine 
by both methods. 

The crystalline insulin used in this research had been recrystal- 
lized from a phosphate buffer solution and contained 25 interna- 
tional units per mg. The pepsin used was also crystalline and was 
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prepared for us by Dr. John Northrop. A preliminary experiment 
with 100 mg. of crystalline insulin was conducted to determine the 
quantity of pepsin to be used and the times at which samples 
should be removed to assure a reasonable difference in potency. 
In this experiment, samples of the digest were removed every 10 
minutes. After a few biological assays, it seemed evident that a 
suitable difference in potency in the three samples which we pro- 
posed to remove could be obtained if the peptic digestion was 
conducted as described below. 


TaB_e II 
Nitrogen Distribution in Insulin 
Figures are in per cent of total nitrogen. 























Dickens, Winter- 

Dodds, steiner, du Present 

Lawson, and| Vigneaud, | investigation 

Maclagan* | and Jensent 

ie i rnehens ulnrunvieucieb ead 9.59 9.58 10.45 
a aaa ernie Wie MEN 0.52 2.42 0.14 
I Adesheal ina iaasies mdash <8lee 6a 65.4 5.93 6.08 9.56 
 iitncs 46 kas goes ab ie enh eh ot 4.29 7.60 5.36 
ABEL RS ae ere ee 9.37 6.60 11.0 
A EE Peers specs eee 0.21 2.76 23 
Monoamino fraction, total N............| 72.75 64.61 63.7t 
" ™ ran We 56.30 61.5t 
SRE aE Ree: i 99.6 102.3 





* Dickens, F., Dodds, E. C., Lawson, W., and Maclagan, N. F., Biochem. 
J., 21, 560 (1927). 

t Wintersteiner, O., du Vigneaud, V., and Jensen, H., J. Pharmacol. 
and Exp. Therap., 32, 397 (1928). 

t Calculated on a cystine-free basis. 


Peptic Digestion—2.700 gm. of crystalline insulin were dissolved 
in a dilute aqueous solution of hydrochloric acid. The reaction of 
the solution was adjusted by the addition of n hydrochloric acid 
until the acidity was pH 1.8. The volume of the solution was 190 
ec. Asa control sample, 0.50 cc. was removed (Sample A-1) and 
placed in a test-tube. Both solutions were then put in a water 
bath at 38°. The flask and the test-tube were covered to avoid 
any change in concentration of the solutions due to evaporation. 
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After 15 minutes, 8.1 cc. of a solution containing 0.10 mg. of erys- 
talline pepsin per cc. were added to the solution in the digestion 
flask. The acidity of the digest wasthen pH 1.53. In 20 minutes, 
0.50 ec. of the digest was removed and added to 9.50 cc. of stock 
ammoniacal isotonic saline. (The stock solution contained suffi- 
cient ammonia to assure the sample for biological assay being 
alkaline after the addition of the acid sample from the digestion 
flask. Further destruction of potency of the insulin by peptic 
hydrolysis was thus prevented.) This solution was kept at 8° and 
used later for biological assay. Immediately after removing the 
0.50 ec. sample, 40.0 cc. of the digest were removed and the pro- 
tein (Sample B) was precipitated by the addition of 20.0 ce. of 10 
per cent trichloroacetic acid. (Previous experiments have shown 
that this concentration is necessary for the quantitative precipita- 
tion of insulin.) After standing for 1 hour, the mixture was centri- 
fuged and the precipitated protein washed and dried as described 
later. } hour after the removal of the first sample, or 50 minutes 
after adding the pepsin, two samples were removed, viz. Sample 
C-1, 1.00 cc., and Sample C, 60.0 cc. The smaller sample was 
added to 9.0 ce. of the stock ammoniacal] isotonic saline and placed 
in the refrigerator. The protein in the larger sample was precipi- 
tated by the addition of 30.0 cc. of 10 per cent trichloroacetic acid. 
40 minutes later, that is, 1} hours after the digestion commenced, 
10.0 ec. of the digest were removed (Sample D-1) and added to 
15.0 cc. of ammoniacal isotonic saline. The protein (Sample D) 
in 80.0 cc. of the digest was precipitated by the addition of 40.0 
ec. of 10 per cent trichloroacetic acid. The acidity of the re- 
mainder of the digest at the end of the experiment was pH 1.62. 
15 minutes after the conclusion of the digestion the control sample 
mentioned above was removed from the bath and diluted to 89.0 
ec. with ammoniacal isotonic saline. This solution, together with 
all others to be used for biological assay, was placed in the re- 
frigerator until required. 

Treatment of Protein Precipitates—The protein in each of Sam- 
ples B, C, and D was precipitated by the addition of trichloroacetic 
acid in the manner already described. After standing for 1 hour 
at 20°, the mixtures were centrifuged. The nitrogen in the super- 
natant liquid was determined by the micro-Kjeldahl method of 
Pregl. From this value, the extent of hydrolysis was calculated. 
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The precipitate was shaken with 40 or 50 cc. of absolute ethy! 
alcohol until nearly all the protein had dissolved. It was then 
reprecipitated by the addition of 175 to 200 ec. of ether and placed 
in the refrigerator. After 14 hours the mixtures were centrifuged 
and washed with 50 ce. of ether. The samples were again centr- 
fuged and then dried in vacuo. From the preliminary experiments 
it was found that this treatment removed the trichloroacetic acid, 
which interferes with the determination of tyrosine. Samples of 
each of these three precipitates were removed for biological assay 
and estimation of nitrogen distribution as described below. 

Analysis of Samples—The procedure used to determine the 
amount of the various amino acids contained in the fractions re- 
moved from the digestion flask was one developed from modifica- 
tions of the Van Slyke method (13) for the determination of nitro- 
gen distribution. For the analysis of each of Samples A, B, C, and 
D 325 mg. of material were required. Of this, 100 mg. were used 
for duplicate determinations of tyrosine, and the remainder (225 
mg.) for the estimation of the other values reported in Table III. 

Tyrosine was determined by the method of Folin and Marenzi 
(14), with duplicate samples of 50 mg. each. The material was 
hydrolyzed with 20 per cent sodium hydroxide at 100° for 14 hours. 
Since the hydrolysates were practically colorless, the treatment 
with kaolin, as described in their paper, was omitted. 

The 225 mg. sample was used for the determination of cystine, 
histidine, arginine, lysine, and for the other forms of nitrogen listed 
in Van Slyke’s scheme of nitrogen distribution. In the present 
investigation, the sample was hydrolyzed according to the method 
of Rosedale and da Silva (15). We have found it convenient to 
use a cylindrical Pyrex flask (about 3 X 20 cm.) equipped witha 
condenser fitted to the flask by a ground glass joint. The sample 
was placed in the flask, 10.0 cc. of 25 per cent HCl were added, 
and the mixture gently heated. After all the material had dis- 
solved, the hydrolysis was continued in a sulfuric acid bath for 35 
hours at 135-140°. At the end of this time, the hydrolysate was 
poured into a 30.0 ce. volumetric flask and the Pyrex flask washed 
with distilled water. The washings were added to the hydrolysate 
and the flask was filled to the mark with distilled water. Samples 
were removed from this solution for the determination of cystine. 

The cystine content was determined colorimetrically by the 
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method of Folin and Marenzi (11) and also by that of Sullivan (12). 
For analysis by the first method, two 2.0 cc. samples were pipetted 
into large test-tubes. A series of tubes, each containing a different 
amount (1.6 to 2.4 cc.) of a standard cystine solution, was also 
arranged. This standard solution was prepared by dissolving 
100.0 mg. of cystine in 100.0 cc. of 1 N hydrochloric acid. To each 
tube, 2.0 ce. of 20 per cent sodium sulfite were added and the solu- 
tions allowed to stand for 1 minute. In preliminary experiments, 
it was found that the acidity of the solutions was a factor in the 
degree of color produced. Tompsett (16) has suggested the use 
of sodium bicarbonate as a neutralizing agent. It was our experi- 
ence that consistent results were obtained only when a saturated 
solution of sodium bicarbonate was added to all the tubes until 
effervescence ceased. Care was taken to add the sodium bicar- 
bonate slowly in order to avoid loss of the solution by splashing 
during the evolution of carbon dioxide. The determination was 
then continued as outlined by Tompsett, the improved uric acid 
reagent described by Folin and Marenzi (17) being used. The un- 
known solutions were always compared with at least two stand- 
ards. For the determination of cystine by the method of Sul- 
livan, two 1.0 cc. samples of the hydrolysate were pipetted into 
test-tubes. Another series of tubes containing varying amounts 
(3, 4, 5, and 6 cc.) of a standard cystine solution (20 mg. of cys- 
tine per 100 cc. of 0.1 nN HCl) was prepared. The volume in 
each tube was adjusted to approximately 6 cc. with distilled water 
and sodium hydroxide was added until the solutions were neutral 
tolitmus. The volume in each tube was diluted to 10.0 cc. with 
distilled water. The rest of the determination was as described 
by Sullivan. 

The estimation of cystine completed, the analysis of the hydrol- 
ysate was continued according to the method of Hanke and Koess- 
ler, with modifications to make the method suitable for the small 
amount of material which we were using. The hydrolysate (now 
a volume of 24.0 cc.) together with about 25 cc. of distilled water 
was poured into a 200 ce. Claisen flask. The hydrogen chloride 
was removed from this solution by distillation at 45° under reduced 
pressure. When the volume in the Claisen flask was reduced to 
about 2 cc., 50 cc. of distilled water were added and the distilla- 
tion resumed until the volume was again about 2cc. This proc- 
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ess was repeated twice. The last time distillation was continued 
until only about 1 cc. remained in the Claisen flask. A small 
quantity of nitrogen could be detected in the distillate. This was 
determined by the micro-Kjeldahl method of Pregl. The flask 
and contents were then dried at 80° for 2 hours to remove the last 
traces of HCl. At the end of this time, 50 cc. of distilled water 
were added to the residue in the flask and the solution was made 
alkaline to litmus with a small quantity of calcium oxide. The 
ammonia was removed by distillation at 45° under reduced pres- 
sure for about 25 minutes. The quantity of ammonia was deter- 
mined by collecting it in two bulbs, immersed in ice, each bulb 
containing 20.00 ec. of 0.0100 Nn sulfuric acid. The material re- 
maining in the flask after distillation was filtered through a small 
Buchner funnel. The flask and residue were washed with hot 
distilled water until the washings failed to give a positive test with 
the Pauly reaction. The nitrogen in the residue was determined 
and recorded as “humin nitrogen.” The filtrate and washings 
were transferred to an evaporating dish, acidified with a small 
quantity of n hydrochloric acid, and evaporated to dryness on a 
steam bath. This residue was dissolved in 10.0 cc. of an aqueous 
solution containing 1.8 cc. of 37 per cent hydrochloric acid and 
transferred to a 50 ce. centrifuge tube. 1.5 gm. of phosphotungstic 
acid, which had been carefully purified according to the method of 
Winterstein (18), were dissolved in 10.0 cc. of water. After heat- 
ing these two solutions to about 90° in a water bath, the phospho- 
tungstic acid solution was poured into the centrifuge tube contain- 
ing the hydrolysate. The heating was continued for } hour. As 
the solution cooled slowly to room temperature, the basic amino 
acids, together with some cystine, precipitated. The mixture 
was placed in a refrigerator for 48 hours, and then packed in ice 
for 24 hours. A solution saturated with respect to arginine and 
histidine and containing 0.9 cc. of 37 per cent hydrochloric acid 
and 7.5 gm. of phosphotungstie acid per 100 cc. was similarly 
cooled. Both mixtures were centrifuged. The supernatant 
liquid from the tube containing the solution for analysis was 
poured into a 50 cc. volumetric flask. The precipitated basic 
amino acids were cooled to 0° and washed with 10 cc. of the super- 
natant liquid from the phosphotungstate solution. After centri- 
fuging, the supernatant liquid was poured into the volumetric 
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flask and the washing repeated with another 10 cc. of the phospho- 
tungstate solution. The mixture was centrifuged again and the 
supernatant liquid added to the solution of the monamino acids in 
the volumetric flask. This was then diluted with water to 50.0 
cc. The total nitrogen in the monoamino fraction was determined 
by removing two 2.0 cc. samples from the flasks. The estimations 
were conducted according to the micro-Kjeldahl method of Pregl. 
Similar samples were removed to determine the nitrogen contained 
in the primary amino groups. For this purpose, a micro-Van 
Slyke apparatus was used. 

The basic amino acids (the precipitate in the centrifuge tube) 
were dissolved in 3 cc. of 1 N sodium hydroxide and diluted to 
15.0 ce. with distilled water. Immediately after dilution, two 2.0 
ce. samples were removed and acidified with 1 or 2 cc. of 1 N hy- 
drochloric acid. These samples were used to determine the 
quantity of cystine which had been precipitated in the basic frac- 
tion. The procedure used was the modified Folin and Marenzi 
method already described. For the determination of histidine, 
1.0 cc. was removed from the volumetric flask and diluted with 3 or 
4 cc. of distilled water. It was then made neutral to litmus with 
0.01 Nn hydrochloric acid and diluted to 10.0 cc. with distilled water. 
1.0 cc. samples of this were treated with the reagents described 
by Hanke and Koessler and compared with their CR-MO indicator 
(10). The indicator was prepared fresh daily and standardized 
by comparison with a solution of histidine monohydrochloride. 
From the original dilution of the basic fraction, two 2.0 cc. samples 
were removed for the determination of the nitrogen in the primary 
amino groups and two 1.0 cc. samples for the determination of the 
total nitrogen. 

From the determinations made above, knowing that insulin 
contains no tryptophane, the values listed in Table III were calcu- 
lated. Corrections for the solubility of histidine and arginine 
have been made, the values determined by Van Slyke and by 
Hanke and Koessler being used. 

The sulfur content of Samples B, C,and D was determined, with 
the following results. Sample B, 3.6 per cent; Sample C, 3.4 
per cent; Sample D, 3.6 per cent. If it is supposed that all the 
sulfur is present as cystine, the cystine-nitrogen values expressed 
as per cent of the total nitrogen are as follows: Sample B, 11.1 per 
cent; Sample C, 10.4 per cent; Sample D, 11.2 per cent. 
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Attempts were made to crystallize Samples B,C,and D. When 
the experiments were conducted at the usual acidity, pH 6.2, 


TaB_e III 


Nitrogen Disiribution in Samples of Various Potencies 
Figures are in per cent of total nitrogen. 




















NES. 270, 5c ouek Coden zc reehvaceiescwek A B Cc D 
rR ae nie ages 14.2 14.2 14.3 14.1 
Potency, PPE cna tht ccbtenseveeses 25 19.8 14.8 10.7 
Ammonia N.. 10.45 | 10.05 10.44 10.84 
Humin N.. 0.14 0.06 | Very small 0.12 
Cystine N (Folin). 9.56 9.34 10.3 9.9 
« a (Sullivan). 10.9 12.4 12.5 
Histidine N.. Pedes caus 5.36 6.75 6.75 6.99 
Arginine N..... Se ee 9.64 12.1 12.5 
Lysine N.. 2.1 3.4 4.85 6.1 
Tyrosine N.. ..| 5.93 5.55 4.76 4.39 
Monoamino fraction, total Nt ° 63.7 54.4 55.7 53.4 
- ” amino 61.5 53.6 54.2 53.5 
Distillate from removal of HCl. | 0.65 3.72 3.67 5.23 
Total.......sccceceeeceeseese+-| 108.0 | 97.4 | 108.8 | 208.1 








* Calculated on a cystine-free basis. 


TaBLe IV 


. Biological Assays 
Original material contained 25 international units per mg. 











Units of insulin 








Sump adding Ml hydrelnned —-, per mg. in pptd. 
protein 
min. per cent per cent 
Controlt | 105 0.0 0 26 
B 20 6.3 13 19.8 
Cc 50 11.0 57 14.8 
D 90 12.0 77 10.7 














* Determined from samples of the digest (Samples A, B-1, C-1, and 


D-1). 


t No pepsin was added to this sample. 


amorphous products were obtained. When, however, the reaction 
of the solution was adjusted to pH 6.8, needle-like crystals were 


obtained from each sample. 





These crystals were removed by 
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centrifugation, washed with water, and dried in vacuo. Biological 
assays showed that they contained about 5 international units of 
insulin per mg. When, however, similar experiments were con- 
ducted with control tubes containing insulin which had been 
crystallized by the phosphate buffer method, no crystals were 
formed at pH 6.8. 

Biological Assays—The physiological activity of the various 
samples described in this paper has been determined by the mouse 
method of assay. The values have been obtained by comparison 
of the unknown sample with a standard insulin solution. At least 
200 mice were used for the assay of each sample. 

The results of the assays of the three samples (Samples B-1, C-1, 
and D-1) which were removed from the flask at definite intervals 
during the digestion are reported in Table IV. For comparison, 
the physiological activity of the protein which was precipitated 
in each sample by the addition of trichloroacetic acid is also listed, 
together with the value determined for the control sample which 
was removed from the flask before adding the pepsin. This sample 
was subject to the same conditions of heat and acidity as the larger 
volume of solution. 


DISCUSSION 


A method for determining the nitrogen distribution in small 
quantities of proteins has been described. The procedure was first 
applied to an amorphous preparation of insulin. Since reasonably 
consistent results were obtained (Table I) the method was applied 
to a small quantity of crystalline insulin. The determinations are 
recorded in Table II, together with those of other investigators. 
Our results for cystine nitrogen are considerably higher than the 
values obtained by other workers recorded in Table II, but are in 
agreement with the more recent values reported by Jensen and 
Wintersteiner (19). In view of the fact that a variable quantity 
of cystine is precipitated with the basic amino acids (20), all the 
values reported in the present research have been calculated on a 
cystine-free basis. 

An experiment has also been described in which crystalline in- 
sulin was slowly hydrolyzed with crystalline pepsin. At various 
stages before the complete destruction of the potency, samples 
were removed for biological assay and for determination of the 
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nitrogen distribution. The results of these analyses have been 
presented in Table III. It will be noticed that in determining the 
nitrogen distribution in samples of the peptic digest, nitrogen could 
be detected in the distillate which was collected during the removal 
of the hydrogen chloride. This was not observed in the experi- 
ments with amorphous or crystalline insulin. 

In the digestion experiment, a small sample of the insulin solu- 
tion was removed before adding the pepsin. This sample was sub- 
ject to the same conditions of heat and acidity as the larger quan- 
tity of insulin. The fact that there was no decrease in the potency 
of this control sample showed that the destruction of the physi- 
ological activity which was observed in the digest was due to pep- 
tic action and not to acid hydrolysis or prolonged heating. As is 
shown by Table IV, the destruction of the potency proceeded at a 
much greater rate than did the hydrolysis of the protein. This is 
in accord with the results of previous investigators. In our work, 
the protein fraction in each sample was precipitated in 3.3 per cent 
trichloroacetic acid. The nitrogen in the non-protein fractions 
was then determined by the micro-Kjeldahl method and the 
extent of hydrolysis calculated. Although this concentration of 
trichloroacetic acid is greater than some other workers have used, 
it was found to be both necessary and sufficient for the complete 
precipitation of the fraction responsible for the physiological 
activity. One cannot be assured that only physiologically active 
material was precipitated. The inclusion of an inactive fraction 
would, of course, result in a low value for the per cent hydrolysis 
reported in Table IV. 

With respect to the determinations reported in Table III, some 
observations can be made. The values determined for the humin 
nitrogen are very low. This is probably due to the fact that insu- 
lin contains no tryptophane. No relation was found to exist 
between the physiological activity and the cystine content as 
determined by the method of Folin and Marenzi or of Sullivan. 
However, in view of the fact that these methods as applied in the 
present research will not differentiate between cystine and cysteine, 
it cannot be said with finality that sulfur-containing amino acids 
are not concerned in the inactivation of insulin by pepsin. A 
higher cystine content was indicated by the Sullivan method than 
by that of Folin and Marenzi. We can offer no explanation for 
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this discrepancy. The composition of the standard cystine solu- 
tion used for Folin’s method and that used for Sullivan’s method 
was checked by the use of a common procedure and found to be 
satisfactory. Microchemical analyses showed that there was no 
significant change in the sulfur content of the material during 
hydrolysis. 

The arginine values are of interest in view of the report that 
guanidine derivatives possess hypoglycemic properties (21). Our 
work, however, showed no relation between the arginine content 
and the potency of the various samples. From Table III it is 
apparent that arginine has not been removed from the protein 
fraction during the early stages of peptic hydrolysis. Similar 
results have been obtained by Torbet and Bradley, using casein 
(22). 

There has been a steady increase in the lysine content of the 
protein fraction. Reference to Table IV shows that this increase 
was greater than can be calculated from the extent of hydrolysis. 
The only explanation which can be offered is that the increased 
hydrolysis resulted in some structural change which permitted the 
determination of this increased quantity of lysine. 

In the present research we have found that tyrosine is liberated 
in the early stages of peptic hydrolysis of insulin. Torbet and 
Bradley have reported that such is also the case in the peptic 
hydrolysis of casein (22). By absorption measurements, Kuhn, 
Eyer, and Freudenberg (7) have shown that tyrosine is of import- 
ance in a consideration of the structural formula of insulin. Our 
work has shown that the tyrosine content of crystalline insulin 
decreases as the activity of the hormone is destroyed by pepsin. 
To be sure, this decrease is not proportional to the reduction in 
physiological activity, but it is not to be expected that all the tyro- 
sine in insulin is concerned with the hypoglycemic properties of the 
substance. 

From a consideration of proposed formula weights for insulin, 
Freudenberg has drawn attention to the fact that the formula for 
insulin probably contains 14 molecules of tyrosine, only a few of 
which may be physiologically important. Such a view would be 
in accordance with the tyrosine determinations in the present 
paper. On the other hand, there is the work of Jensen and Evans 
(23) in which it was found that, in the case of the destruction of 
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insulin with alkali, the tyrosine content is not affected. This 
statement, however, does not necessarily conflict with the present 
findings since two widely different processes of inactivation are 
concerned. Moreover, in the case of the experiments with alkali 
the tyrosine estimations were only made with difficulty. 

The crystallization experiments described in this paper are of 
interest. Although these experiments were conducted by the 
best methods which have been developed for the crystallization of 
insulin, no rhombohedral crystals characteristic of insulin could 
be obtained from Samples B, C, or D. This was surprising, since 
amorphous insulin of the same unitage as Sample B (19.8 units 
per mg.) would yield large quantities of these crystals. Apparently 
this comparatively slight destruction of the physiological activ- 
ity by peptic hydrolysis resulted in a change in the constitution of 
insulin of such a nature that its ordinary properties of crystalliza- 
tion were destroyed. However, in attempts to crystallize these 
products, needle-like crystais were obtained. 


SUMMARY 


A method has been described for the determination of the nitro- 
gen distribution in small quantities of insulin. This method has 
been applied to the products of peptic digestion of crystalline in- 
sulin. The physiological activity of samples of the digest has 
been correlated with the nitrogen distribution. It was found that 
a loss in physiological activity was accompanied by a decrease in 
the tyrosine content. No significant variation in the quantity of 
cystine could be detected. An increase of lysine was observed. 
A comparatively slight destruction of the physiological activity of 
crystalline insulin by peptic hydrolysis yielded a product from 
which the rhombohedral crystals characteristic of insulin could 
not be obtained. 
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THE INSULIN CONTENT OF THE PANCREAS IN 
CATTLE OF VARIOUS AGES 


By A. M. FISHER anp D. A. SCOTT 
(From the Connaught Laboratories, University of Toronto, Toronto, Canada) 


(Received for publication, June 1, 1934) 


In attempting to estimate the insulin content of pancreas, there 
are many factors to be considered. In the first place, the amount 
of insulin may vary with the species of animal from which the 
pancreas is obtained. For example, it is generally believed that, 
per gm. of tissue, fish pancreas is much richer in insulin than ox 
pancreas. Secondly, the insulin content of the pancreas may 
vary with the season of the year. It has been our experience, in 
using beef glands, that the best yields of insulin are obtained during 
the winter months. Thirdly, since insulin is readily destroyed by 
proteolytic enzymes, fresh pancreas should be a better source of 
insulin than material which has been kept for some time before 
extraction. However, one of the most important factors is the 
method of extraction and purification of the insulin. Jephcott 
(1) has shown that the concentration of alcohol, the quantity and 
kind of acid, and the temperature during extraction all have a 
bearing on the amount of insulin which may be obtained from ox 
pancreas. Another factor is the age of the animal from which the 
pancreas is obtained, and it is this problem that we have inves- 
tigated in the present research. We have experimented with the 
pancreas of one species only, namely the ox. All the glands were 
collected at the same season of the year (January 23 to Febru- 
ary 7). Further, the time elapsing between the killing of the 
animals and the extraction of the insulin was the same in all age 
groups. A standard method of extraction and purification of the 
insulin was used. 

EXPERIMENTAL 

In the present investigation an attempt was made to determine 
the insulin content of the pancreas of cattle of the following ages: 
305 
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fetal calves under 5 months; fetal calves 5 to 7 months; calves 6 to 
8 weeks (still being fed with milk); cattle approximately 2 years 
old; cows 9 years and older; pregnant cows 7 years and older. In 
all cases, with the exception of the pancreas of fetal calves, the 
same procedure was followed in obtaining the pancreas and in the 
purification of the insulin. The method for each age group was 
as follows: Within ? hour after the removal of the glands, or about 
13 hours after the death of the cattle, the pancreases of twelve to 
sixteen animals of the same age group were collected, minced, and 
thoroughly mixed. Three 25 gm. samples from each age group 
were weighed. To each of these, 100 cc. of extraction liquid were 
added. This liquid consisted of 750 cc. of absolute ethyl alcohol, 
250 cc. of distilled water, and 15.0 cc. of concentrated hydrochloric 
acid. The insulin in each sample was extracted by shaking the 
acid-alcohol and pancreas for 2 hours at 37°. The residues were 
then removed by filtration through a double layer of cheese-cloth 
and extracted again with 100 cc. of the acidic ethyl alcohol for 
1 hour. After the filtration of the second extractions, the first 
and second filtrates of each sample were combined and concen- 
trated ammonium hydroxide added to each until the reaction was 
distinctly alkaline to litmus. The precipitates were centrifuged 
off and the volumes of the supernatant liquids measured. 10.0 ce. 
aliquots of these solutions were pipetted into three 50 cc. centri- 
fuge tubes and the insulin in each was precipitated by adding 15 ce. 
of absolute ethyl alcohol and 25 cc. of ether. It was found from 
control experiments that this procedure precipitated the insulin 
quantitatively. The mixtures were placed in the refrigerator for 
12 hours. They were then centrifuged and the precipitates were 
dried in vacuo. Each weighed approximately 15 mg. In view 
of the fact that a large number of samples were prepared in a 
comparatively short time, it was necessary to store some of the 
dried precipitates in vacuo for 3 or 4 weeks until each sample 
could be assayed. Preliminary experiments showed that this 
caused no loss of potency. 

When working with the pancreases of fetal animals, it was 
necessary to vary the procedure slightly owing to the small size 
of the glands and the limited number which could be obtained at 
one time. In view of this, the three samples from each of these 
age groups were not extracted on one day, as described above for 
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the older animals. Thus, with the fetal pancreas, it was necessary 
to adopt the following method. If, in the course of an hour’s 
killing, three or more fetal calves of approximately the same age 
were obtained, the pancreatic glands were removed. These were 
minced and processed as one lot. The minced glands were weighed 
and the acid-alcohol added, 4.0 ec. for each gm. of pancreas. The 
extraction and purification were then conducted in a manner simi- 
lar to that described for pancreas from the older animals. As 
occasion afforded, two additional lots of fetal pancreases of the 
same age group were collected and processed by the same method. 
The insulin precipitates obtained in each of these experiments were 
assayed independently, as described below. 


Method of Assay 


The insulin content of each of the eighteen samples of dried 
powder prepared by the process already described was determined 
by the mouse method of assay (2) in the following manner. The 
powder from each sample was dissolved in 40.0 cc. of isotonic saline 
to which sufficient hydrochloric acid had been added to adjust the 
reaction of the insulin solution to pH 2.5. An approximate indi- 
cation of the activity of this solution was obtained by injecting 
0.25 ec. quantities of it into twenty-five mice, and the convulsion 
rate compared with that obtained when similar quantities of a 
standard insulin solution were injected into the same number of 
mice. From the result of this test, the solution of unknown activ- 
ity was diluted so that in subsequent tests approximately the same 
number of convulsions occurred among the mice injected with the 
solution of unknown strength as among those injected with the 
standard solution. To determine the potency of any sample, the 
solution was assayed four times against a standard insulin. The 
total number of mice used in such a test was 200. The average 
value of the four assays is recorded in Table I, and is expressed as 
units of insulin per gm. of pancreas. The average value of three 
samples is taken as the insulin content of the pancreas in each age 
group. This value is also incorporated in Table I. 


DISCUSSION 


The values in Table I show the comparative amounts of insulin 
which can be extracted from the pancreas of cattle of various ages. 
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Since, in carrying out the experimental work, every effort was 
made to have only one variable, namely age, we feel that the 
results obtained give a fairly accurate indication of the relative 
insulin content of the pancreas of the various age groups. It is 
evident from Table I that fetal pancreas is very rich in insulin. 
This is particularly true for fetal calves under 5 months, those on 
which the growth of hair has not commenced. In this group it 
will be noticed that the yields of the three experiments vary con- 
siderably. This is not surprising when it is remembered that in 
the case of fetal pancreas the glands were collected on three differ- 
ent occasions. Thus an error of a few weeks in the estimation 
of the age of these calves would result in an inaccurate deter- 
mination of the insulin content for the age group in question. If 


TasBie I 
Insulin Content of Pancreases of Cattle of Various Ages 





Results of biological assays 


D iption of cattle (international units per gm. pancreas) 




















Sample 1 | Sample 2| Sample3 | Average 

Fetal calves, under 5 mos. 5, sok 38.8 31.7 33.2 
” “ 5-7 mos.. aS 24.9 21.1 23.1 
Calves, 6-8 wks. (milk diet). iis 10.4 10.9 11.4 
Cattle, 2 yrs.. mee er 6.1 4.5 4.8 
Cows, 9 yrs. and older. . 1.7 2.0 1.8 1.8 
7 « « & (pregnant). 2.0 2.2 2.3 2.2 





the average yield of insulin per gm. of pancreas in the various 
groups be plotted against age, it will be noticed that the yield of 
insulin decreases very rapidly with age, until about 7 months after 
birth. After this time, increasing age causes a much less marked 
decrease in the yield of insulin. It is interesting to recall that fetal 
pancreases were used as the source of insulin in the early work 
on the preparation of insulin by Banting and Best (3). 

The large yields of insulin obtained from fetal pancreas are of 
interest when considered in conjunction with the enzyme content 
of fetal animals. Ibrahim (4) found, in the case of human em- 
bryos, that pepsin and trypsin could be demonstrated in the 
digestive juices at about the 4th month, and that erepsin was 
present at the 5th month. Sampson (5) showed that there was 
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no evidence of proteolytic activity in fetal pig pancreas until about 
half the gestation period had elapsed. Since insulin is destroyed 
by proteolytic enzymes, the low concentration of these enzymes 
in fetal animals may partially explain the large yields of insulin 
obtained from this pancreas. There are other explanations which 
might be advanced. The evidence of the transfer of an insulin- 
like material from fetal animals to the depancreatized mother is 
still controversial. Carlson and Drennan (6) found that if a bitch 
was depancreatized in the later stages of pregnancy, it showed 
no signs of diabetes. Removal of the pups by cesarean section, 
however, was followed by symptoms of diabetes. Similar findings 
were also reported by Aron, Stulz, and Simon (7). On the other 
hand, pregnancy did not decrease the insulin requirement of the 
depancreatized dogs observed in Macleod’s laboratory (8), and 
most of the clinical evidence is in line with this finding. However, 
since there is a possibility of a mechanism providing for the trans- 
fer of an insulin-like substance between mother and fetus, we 
decided to determine whether or not the high insulin content of 
fetal pancreas was accompanied by a change in the amount of 
insulin contained in the pancreas of the mother. Our results 
with the pancreatic glands of pregnant cows over 7 years of age 
indicate that the insulin content of the pancreas of the mother is 
not affected by pregnancy. In this group the yields of insulin are 
slightly greater than for 10 year-old cows. This difference, we 
believe, is due to the difference in the age groups rather than to 
pregnancy. 


SUMMARY 


1. It has been shown that the amount of insulin which can be 
extracted per gm. of beef pancreas varies greatly with the age of 
the animal. Fetal beef pancreas is relatively rich in insulin. 

2. In cows over 7 years of age, pregnancy would not appear to 
affect the amount of insulin in the pancreas. 

3. An improved method for the preparation of experimental 
quantities of insulin from bovine pancreas has been described. 


We wish to record our thanks to Canada Packers Limited for 
their cooperation in this investigation, and to the Federal In- 
spectors for making a careful estimation of the age of the animals. 
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THE PREPARATION OF SODIUM TUNGSTATE FREE 
FROM MOLYBDATE, TOGETHER WITH A SIMPLI- 
FIED PROCESS FOR THE PREPARATION OF A 
CORRECT URIC ACID REAGENT (AND SOME 
COMMENTS) 


By OTTO FOLIN 
(From the Biochemical Laboratory of the Harvard Medical School, Boston) 


(Received for publication, June 7, 1934) 


This contribution is essentially only a supplement to my 1933 
(1) paper on the determination of uric acid, yet it would be mis- 
leading to say so in the title. For many years I have labored, off 
and on, with the problem of preparing a uric acid reagent “com- 
pletely free from phenol reagent,’’ and each time I succeeded and 
concluded the problem was solved, only to find at a later date, 
with different chemicals, that the problem had not been solved. 
Each time I assumed, probably correctly enough, that I had not, 
after all, succeeded in removing all the molybdate present in the 
tungstate, but when this happened again a few months after the 
publication of my 1933 paper, it seemed necessary definitely to 
settle the problem by working only with sodium tungstate known 
to be completely free from molybdate. I therefore set about once 
more to try to prepare such a tungstate. One theoretically im- 
portant reason for trying to prepare such a tungstate was the 
finding reported by Wu (2) that the uric acid reagent of Folin and 
Denis contains two different chromophorically active phospho- 
tungstic acids having the same composition, except for their 
different water content, yet differing markedly in their chromo- 
phoric values. If Wu’s observations are correct, the old uric acid 
reagents should in fact contain no less than three different chro- 
mophorically active ingredients, namely the A and B compounds 
described by Wu, and in addition some phenol reagent due to the 
presence of molybdate. And it has now become clear that such 
is indeed the case. 

Preparation of Sodium Tungstate Free from Molybdate—The 
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natural but unfortunate mistake heretofore made in trying to 
remove the last traces of molybdate from sodium tungstate has 
been the endeavor to convert the molybdate into insoluble sulfides. 
In the process described below the molybdates are converted into 
highly colored sulfomolybdates which are very soluble in alcohol 
as well as in water, and which therefore can be separated very 
readily from the tungstate, which is insoluble in alcohol. The 
process is as follows: 

Dissolve 1 kilo of sodium tungstate in 2 liters of water and add 
hydrochloric acid (dilution 1:1), slowly and with stirring, until 
the solution is neutral to litmus paper. An acid reaction is un- 
desirable. 

Transfer the solution to a large flask or bottle. Pass H.S into 
the solution in a moderately rapid stream for 15 to 20 minutes. 
Stopper the container and let stand overnight. 

Transfer to large beakers and add, very slowly at first and with 
constant stirring, about 3 volume of alcohol. The paratungstate 
is precipitated and the colored sulfomolybdates remain in solution. 
Let stand till the next day; decant and filter, with suction, on a 
large Buchner funnel; wash with 50 per cent alcohol until the 
filtrate is colorless. 

Transfer the precipitate to a 4 liter beaker, add 1.5 liters of 
water and about 2 cc. of bromine, and stir for a few minutes. 
Then heat over a burner and continue the stirring until all the 
surplus bromine has been removed. (The bromine treatment is 
for the purpose of oxidizing such traces of sulfotungstates as are 
likely to be present.) Continue the heating and add clear satu- 
rated sodium hydroxide solution until the solution gives a per- 
manent and fairly strong reaction with phenolphthalein paper. 
Cool. If the solution is turbid, filter. Then precipitate as before, 
with alcohol, and dry. 

The sodium tungstate thus obtained gives a moderate, per- 
manently alkaline, reaction with phenolphthalein; its solutions are 
clear, and it does not give the slightest trace of pink color in the 
potassium xanthate test for molybdate described by Folin and 
Trimble (3). Photographed spectrum analyses, kindly made for 
me by Professor F. A. Saunders of the Department of Physics, 
Harvard University, have shown that the product is completely 
free from molybdenum. 

This pure sodium tungstate is now made on a large scale by the 
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Mallinckrodt Chemical Company under the supervision of Dr. 
A. D. Alt, and samples of their product have been found com- 
pletely free from molybdate. But the application of the potassium 
xanthate test to every new batch of bought sodium tungstate 
should of course not be omitted. 

Simplified Method for Preparation of Perfect Uric Acid Reagent— 
Transfer 100 gm. of sodium tungstate (free from molybdate) to a 
500 ec. Florence flask. Mix 32 to 33 cc. of 85 per cent phosphoric 
acid with 150 cc. of water. Pour the resulting solution on to the 
tungstate and mix. Add a few pebbles and boil very gently over 
a microburner for 1 hour. Loss of liquid during the boiling is 
prevented by using, as a condenser, a funnel holding a 200 ce. 
flask filled with cold water. At the end of the boiling period 
decolorize with a little bromine water, boil off the excess bromine, 
cool, and dilute to 500 ce. 

If the reagent so obtained is not perfect (in other words if it 
gives a blank with Merck’s urea-cyanide or with urea-cyanide plus 
tyrosine), add 3 to 5 gm. of sodium tungstate (but no more) and 
boil for another 10 to 15 minutes, then cool, and decolorize as 
before. The addition of a little extra tungstate and the short 
second boiling can also be made without first testing the reagent 
for a blank. 

This last supplementary procedure as well as the direction to use 
only 32 to 33 ec. of phosphoric acid for 100 gm. of tungstate is 
based on observations which confirm Wu’s findings of the two 
different chromophorically active phosphotungstic acids, already 
referred to. Wu’s hypersensitive A reagent behaves more or less 
like a phenol reagent and it is largely because of the sporadic 
formation of this compound that the preparation of a correct 
reagent, containing only the phosphotungstic acid B, has proved 
so elusive. The range of acidity below which little or no active 
reagent is formed, and the acidity yielding the A compound as 
well as the desired B compound is very narrow. Attempts to 
standardize the correct range of acidity by titration or by colori- 
metric pH determinations have not proved practically useful. 


Concluding Comments 


This is presumably my last paper on the preparation of the 
uric acid reagent and I hope that the method for the determination 
of uric acid described last year is also final. 
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With regard to determination by the “indirect’’ or silver pre- 
cipitation method described in that same paper, a few additional 
remarks are perhaps necessary. Those who wish to use that 
method should first apply it to 5 cc. of the standard uric acid 
solution so as to make sure that they can secure a 100 per cent 
recovery with as little as 0.02 mg. of uric acid. In the course of 
such preliminary check work it will be found that losses of urie 
acid are avoided only by working, with what will seem to some, 
great speed. Slow work or any undue delay will result in some 
destruction of uric acid, independently of exposure to light, and a 
very little destruction will appear large when expressed as per 
cent. It is particularly important that the silver precipitate be 
dissolved quickly and completely in the urea-cyanide solution. 
By the help of a suitable (not too fine) stirring rod the solution 
of the silver precipitate can be attained in a few seconds. It 
should be remembered that any losses found are almost certainly 
due to destruction of uric acid and not to incomplete precipitation. 

While the uric acid determination now appears to be practically 
reliable and satisfactory, there remain many theoretically interest- 
ing problems requiring further investigation. One of these is the 
fact that probably less than 10 per cent of the color obtained in the 
modern forms of the method represents the direct reduction of the 
reagent by the urate. The other 90 per cent (more or less) repre- 
sents indirect or induced reduction due to the presence of the 
cyanide. The latter reduction is rather more specific for uric acid 
than the directly produced smaller fraction. The indirect re- 
duction is subject to great variations in magnitude according to 
the quality of the uric acid reagent, the quality of the cyanide, and 
other modifying factors, such as the degree of alkalinity, the 
presence of carbonate, of amino compounds, of some phenol 
products, ete. 

Because of these obscure factors, the colorimetric method for the 
determination of uric acid represents probably the most complex 
reaction that we have in the whole field of practical colorimetry. 
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COMPARATIVE STUDIES OF THE METABOLISM OF 
AMINO ACIDS 


VI. THE RATE OF ABSORPTION OF LEUCINE, VALINE, AND 
THEIR ISOMERS FROM THE GASTROINTESTINAL 
TRACT OF THE WHITE RAT* 


By BARBARA W. CHASE anp HOWARD B. LEWIS 


(From the Department of Physiological Chemistry, Medical School, Uni- 
versily of Michigan, Ann Arbor) 


(Received for publication, May 31, 1934) 


In previous studies from this laboratory, the method of Cori 
has been used in the determination of the rate of absorption from 
the gastrointestinal canal of the white rat of various amino acids, 
glycine, alanine, leucine, and glutamic acid (1), and of methionine 
(2). Wilson (3) and Sullivan and Hess (4) have applied the same 
technique to the study of the absorption of cystine and Berg and 
Bauguess (5) have investigated the absorption of tryptophane. 
The work here reported is concerned with the absorption of the 
three structurally isomeric leucines and two valines. A com- 
parison of the rate of absorption of the racemic (dl-) and the 
naturally occurring optically active forms has also been made. 
The glycogen content of the liver after the administration of these 
amino acids was also determined. 


EXPERIMENTAL 


Male rats subjected to preliminary fasting periods of 24 hours 
were selected so that the weights after fasting were approximately 
the same, 120 to 135 gm. The methods of preliminary treatment 
of the animals, administration of the amino acids, and of analysis 
of the gastrointestinal contents for amino acid nitrogen and of the 
liver for glycogen were similar to those previously reported (1). 


*A preliminary report of part of this work was presented before the 
American Society of Biological Chemists at Cincinnati (Chase, B. W., 
J. Biol. Chem., 100, xxvii (1933)). 
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Unless otherwise noted, the absorption of the amino acid was 


allowed to proceed over a period of 3 hours 


All the amino acids administered were analyzed both for total 

































































TaBLe | 
Rate of Absorption of Sodium Salts of Isomeric Leucines during Periods of 
8 Hours 
‘ Rate of absorption per hr. calculated 
Substance fed | Rat No. — a” in torme of 
fasting “Sa @ er a ees 
Nitrogen | Amino acid 
gm 100 gm. oe 100 a -4 100 = BF 100 
l-Leucine 53 | 121 185 | 4.5 42 
54 | 116 | 194 | 5.2 49 | 
. 55 | 148 | 152 | 4.6 43 
58 | 127 | 189 | 5.1 47 | 
59 | 108 | 214 | 5.1 47 
61 135 | 167 | 4.3 40 
eee EE EN .| 4.8 (4.6)*| 45 (43)*|0.34 (0.33)* 
di-Leucine | 91 | 120 | 145 | 4.3 40 
122 | 120 | 191 | 4.6 43 
123 116 197 | 5.9 55 
124 | 117 | 195 | 4.7 44 
125 | 115 | 180 | 4.5 42 
| 127 | 132 | 178 | 5.1 | 47 
128 | 122 | 193 | 5.0 47 
129 | 130 | 181 | 5.1 | 47 
130 | 125 | 188 | 4.9 | 45 | 
ii citnniion kaa ese so 50 ase tl 4.9 | 45 0.34 
d-Isoleucine | 62 | 114 | 201 | 3.7 | 34 
63 | 121 | 188 | 2.9 | 27 
64 | 120 | 190 | 3.0 | 28 
65 | 120 191 | 3.8 | 36 
103 130 | 187 | 4.2 | 39 
107 127 185 | 4.1 | 38 
108 | 120 | 196 | 4.2 | 39 
109 | 127 | 185 | 3.7 | 34 
I ti IS ds i wih BF 


* Values obtained by Wilson and Lewis (1). 
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Tasie I—Concluded 






































Weight si Rate of absorption per be. calculated 
Substance fed Rat No.| after —_ = terme ¢ 
fasting aie 
Nitrogen Amino acid 
om 100 gm. a. 100 ms?“ 100 rary 100 
di-Isoleucine 116 129 203 | 3.9 36 
117 129 203 3.1 28 
118 126 181 | 3.6 33 
119 120 190 | 3.7 34 
120 120 190 4.0 37 
121 117 195 3.6 33 
131 147 180 3.6 33 
132 150 181 4.6 43 
133 145 182 | 4.0 37 
Average...... Pa Moni hrs write ete 3.8 35 0.27 
dl-Norleucine 66 120 214 | 3.5 32 
68 133 193 3.6 33 
69 126 203 3.8 36 
lll 118 204 4.4 41 
112 138 175 3.7 34 
113 115 210 3.8 36 
134 129 221 4.2 39 | 
135 127 229 3.3 30 
137 130 219 | 3.7 34 
Average. . . 3.8 | 35 0.27 


nitrogen (Kjeldahl-Gunning) and for amino nitrogen (Van Slyke 
gasometric method). It is of interest to note that for the com- 
plete reaction of the a-amino group of isovaline with nitrous acid in 
the Van Slyke gasometric method, 15 minutes were necessary 
rather than the usual 3 to 5 minute period for the reaction of 
a-amino groups. Because of the insolubility of valine and the 
leucines, it was necessary to administer the sodium salts in order 
to obtain a sufficiently high concentration of the amino acid to 
permit the study of absorption. Isovaline (a-amino-a-methyl- 
butyric acid) was sufficiently soluble to make possible adminis- 
tration of the amino acid itself, but in order to make the results of 
the entire series comparable, the sodium salt of this acid was fed 
also. 
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The normal control values for the amino nitrogen content of 
the gastrointestinal canal of the young rat after short fasts as 
determined in a series of twenty-one animals averaged 7.9 mg. 
with individual determinations ranging from 5.0 to 11.3 mg. as 
previously reported (2). This average control value has been 
used as a correction for all the experimental values reported in 
Tables I and II. 

The results obtained with the three structurally isomeric leucines 
are presented in Table I. No significant difference between the 
rates of absorption of the naturally occurring amino acid and the 
dl form was observed with either leucine or isoleucine. It is of 
interest to note that the results with J-leucine in the present 
series agree well with those obtained previously in this laboratory 
(1). The rates of absorption of isoleucine and norleucine were, 
however, significantly less than that of leucine. Although the 
difference was not marked, we believe that it is beyond the range 
of the experimental error of the method. In only two animals 
(Rats 111 and 132) were values found higher than the minimal 
values obtained with either /- or dl-leucine. The rates of absorp- 
tion of isoleucine and norleucine were essentially identical. 

The rates of absorption of both d- and dl-valine were essentially 
the same (Table II) and were greater than that of leucine. _Iso- 
valine (a-amino-a-methylbutyric acid) when administered as the 
sodium salt was very slowly absorbed, the absorption coefficient 
calculated in milli-equivalents being 0.14 as compared with 0.40 
and 0.37 for dl- and d-valine' respectively. The absorption in 
3 hours was so slight as to make the absolute values subject to 
considerable error since the amount absorbed was in many cases 
less than the blank determination of the amino acid nitrogen con- 
tent of the tract of the normal fasting animal for which correction 
was made. The absorption coefficient of the sodium salt of iso- 
valine was so low that another salt (potassium) was studied; the 
results obtained, however, did not differ from those discussed. 
In sharp contrast to its salts, the free acid, isovaline, was absorbed 
readily, the values obtained being greater than any of those in the 
present series. This is difficult to interpret. Similar but less 

1 A series of four animals fed with dl-valine over absorption periods of 
2 hours each gave absorption coefficients of 5.4, 45, and 0.38 calculated as 
mg. of nitrogen, mg. of amino acid, and milli-equivalent respectively. 
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of TaB.e II 
as Rate of Absorption of Sodium Salts of Isomeric Valines during 3 Hour Periods 
ng. = | Rate of absorption per hr. 
Weigh ‘ 
as Substance fed Rat No. vafter a - cateulntes & tars ¢f 
en aati Nitrogen Amino acid 
| in - mg. g6 8 mg. per 100 | mg. per 100| m.-eq. per 
me gm. rat gm. gm. 100 gm 
nal d-Valine 32 114 248 6.1 51 
33 | 120 237 6.6 55 
the 34 105 271 5.5 46 
the 35 102 272 6.1 50 
of 72 113 235 6.0 50 
ant 74 149 180 5.0 41 
- | 80 125 226 4.5 38 
Te, NEARER ES VE Pe Oe StF 5.7 47 0.40 
he aa = , 
-— dl-Valine 9 134 173 5.1 42 
8 11 124 148 5.6 46 
als 15 95 261 5.4 45 
al 16 128 202 4.8 40 
rp- 25 110 236 5.4 45 
27 107 244 4.8 40 
1 28 131 215 5.5 46 
y 29 109 259 5.8 48 
o> 30 135 208 5.8 48 
he —— —-—-—|--- 
nt OE PTT eee Teo 44 0.37 
40 dl-Isovaline 41 | 139 | 145 | 2.9 24 
in 42 | 172 116 2.2 18 
to 43 | 126 | 153 1.2 10 
es | 4 | 125 | 155 2.7 23 
oe | 51* | 119 | 171 1.2 10 
> | 52% |. 1 | 174 1.8 15 
0- Reabeeiishs 0). 901% 2104.81 ane eS 2.0 16 0.14 
he dl-Isovalinet | 45 | 130 | 161 5.0 42 
d. 4 | 12 | 10 | 63 53 
ed 75 | 15 | 222 6.3 53 
ne 76 125 205 7.2 59 
= 77 112 228 7.4 62 
of I ccc iniinawatnadep ehsewm caw 6.4 54 0.46 
vi * The potassium salt was fed. 
t The free amino acid was fed. 
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striking differences between the absorption of alanine and its 
sodium salt were obtained previously (1), while in the case of 
glycine, absorption was increased by the presence of sodium in the 
molecule (1). 

The results reported here, which show in the case of leucine, 
isoleucine, and valine, no difference in the rate of absorption be- 
tween the naturally occurring optical isomer and the racemic form, 
are not in accord with the findings of Berg and Bauguess (5) for 
l- and dl-tryptophane. These investigators reported absorption 
coefficients of 0.284 and 0.328 milli-equivalents for the / and dl 
forms respectively. In our opinion, these variations are so slight 
as to be practically within the limits of the experimental error of 
the method. It may also be noted that d-, /-, and dl-lactic acid 
were absorbed at the same rate (6), a finding in harmony with the 
older observations of Dakin (7) in a study on the isolated loops of 
the intestine. 

In summary, the results of the work in this laboratory and else- 
where indicate that in periods of 3 hours the absorption coefficients 
of the sodium salts of the amino acids calculated as milli-equiv- 
alents per 100 gm. per hour are as follows: glycine, 0.84; alanine, 
0.54; cystine, 0.44 (calculated as cysteine); glutamic acid, 0.41; 
valine, 0.40; methionine, 0.36; leucine, 0.34; isoleucine and nor- 
leucine, 0.27; and isovaline, 0.14. No convincing proof of the 
influence of the stereochemistry of the amino acid on its absorption 
coefficient has as yet been obtained. 

Determinations of the glycogen content of the liver failed to 
afford any evidence of glycogen formation from any of the amino 
acids of the present series? under the experimental conditions used. 
Such results were not unexpected in view of the fact that leucine, 
isoleucine, and valine are not considered to be gluconeogenic. 
Norleucine, however, has been shown to give rise to glucose in the 
phlorhizinized dog. No information as to the gluconeogenic 
properties of isovaline is to be found in the literature so far as is 
known to us. 


2 No glycogen determinations were made after the feeding of d-isoleucine. 
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CHANGES OF TOTAL LIPID AND IODINE NUMBER OF 
BLOOD FAT IN ALIMENTARY LIPEMIA 


By WILLIAM R. WILSON anp JAMES P. HANNER 


(From the Department of Pediatrics of Yale University School of Medicine and 
the Pediatric Service of the New Haven Hospital, New Haven) 


(Received for publication, May 1, 1934) 


This study was undertaken to determine some of the qualitative 
changes in the blood fat during alimentary lipemia. An increase 
in the blood lipids as a result of ingestion of fat has been repeatedly 
demonstrated (Bloor (1), Hiller, Linder, Lundsgaard, and Van 
Slyke (2), Hejda (3), McClure and Huntsinger (4), Man and 
Gildea (5)). These workers are all essentially in agreement that 
the increase involves principally the fatty acid, with an inconstant 
small increase in the lipoid phosphorus and no demonstrable change 
in the cholesterol. The present experiments are designed to 
determine the character of the fatty acids which appear in plasma 
following ingestion of fats with widely different characteristics. 
For this purpose, cream, with an iodine number of 30 to 40 and 


cod liver oil, with an iodine number of about 155, were used. 


EXPERIMENTAL 


The fats were fed to convalescent patients aged 4 to 12 years who 
showed no demonstrable metabolic disturbance. The patient 
received supper at 5.30 p.m. and no breakfast. A control sample 
of blood was taken at 8.30 a.m., after which the cream or cod liver 
oil was given. In the experiments with cream, specimens were 
collected 2 and 4 hours after ingestion, after cod liver oil only one 
specimen was taken. On each occasion about 15 ce. of blood were 
withdrawn. The subjects took no food but were allowed water 
during the experiment. The specimens were allowed to clot, the 
clot broken with a stirring rod, and the serum pipetted off after 
centrifuging. All determinations were carried out on serum. 
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Methods 


The sera were extracted with an alcohol-ether (alcohol 3 parts, 
ether 1 part) mixture, as described by Bloor. The serum (4 to 6 
cc.) was pipetted slowly with continuous rotation into an Erlen- 
meyer flask containing about 60 cc. of the mixture of alcohol and 
ether. Several glass beads were added to prevent bumping and 
the extraction mixture was refluxed on the hot plate for an hour 
with an “underwriters” apparatus or a reflux condenser.! The 
extract was filtered through a fat-free filter paper into a 100 ce. 
volumetric flask, the protein precipitate was washed several times 
with small portions of the mixture of alcohol and ether, and the 
filtrate made up to volume. Aliquots were taken for the different 
determinations. 

_ Lipoid phosphorus was determined by the method of Benedict 
and Theis (7) on the evaporated mixture of alcohol and ether di- 
gested with concentrated H.SO, and superoxol, as suggested by 
Baumann (8). Cholesterol was determined by the colorimetric 
method of Sackett (9), the determination being based upon the 
green color formed by cholesterol in reaction with acetic anhydride 
and concentrated H,SO,. The fatty acid determination was car- 
ried out by the method of Stoddard and Drury as modified by Man 
and Gildea (6). The total lipid was determined by a gravimetric 
method developed in this laboratory. A description of the pro- 
cedure follows. 

Measure into a 125 ce. Erlenmeyer flask an aliquot of alcohol- 
ether extract equivalent to approximately 1 cc. of serum. Add 
0.08 ec. (4 drops) of 0.1 per cent alcoholic solution of hydroquinone 
to prevent oxidation of unsaturated fats.2_ Evaporate the extract 
just to dryness, being sure to remove all the aleohol. Avoid over- 
heating. The fat apparently is not altered by a temperature of 
110° for a short time (at least 5 minutes). Suspend the residue 


1 Refluxing for an hour is a modification suggested by Man and Gildea (6). 

? This amount of hydroquinone will protect at least 12 mg. of linoleic acid 
and eliminates the necessity of carrying out the drying of the extract in an 
atmosphere of CO; or N:. Olcott, in working with keratinase and precur- 
sors of vitamin B, found hydroquinone a very powerful antioxidant and 
suggested its use in this procedure, as it has no unsaturated bonds and does 
not interfere with the iodine reaction. (Olcott, H. S., personal communi- 
cation.) 
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in 2 to 5 ce. of distilled water. Add 1 drop of concentrated HCl 
(sp. gr. 1.19) to insure acidity and absence of soluble soaps. Ex- 
tract with about 10 cc. of petroleum ether (b. p. 30-60°) by rotating 
on the hot plate until about 5 cc. of the solvent remain. After the 
layers have separated, transfer the supernatant fluid by small 
rubber bulb pipette to a tared weighing bottle. (Bottles which 


TaBLe I 
Test of Method with Theoretical Solutions 























Experiment Material used Theoretical Weight Iodine No. 
om Theoretical | Obtained 
mg. mg. 
1 Cod liver oil 28.7 28.3 158 156 
28.6 
2 14.35 14.2 158 154 
14.0 
3 Linseed oil _ 26.49 26.4 165 166 
26.3 
4 13.24 13.1 165 163 
12.9 
5 15.49 15.6 165 163.5 
15.6 
6 Linoleic _acid- 14.96 14.9 103.6 102.9 
palmitic acid- 14.7 
cholesterol 














In Experiments 1, 2, 3, and 4, the alcohol-ether extract was dried under 
CO;. The petroleum ether extract was dried with hydroquinone for pro- 
tection against oxidation. In Experiments 5 and 6, hydroquinone was used 
as the only protection against oxidation. 

Four sets of duplicates in these experiments were weighed on both the 
Pregl and chainomatic balance, and all flasks agreed within 0.1 mg. on the 
two balances. The Pregl balanée was used in the experiments reported, 
but the ordinary chainomatic laboratory balance is apparently adequate. 


hold 15 to 20 ec. and weigh less than 20 gm. were used.) Repeat 
the extraction several times until the weighing bottle is almost 
full. Add 0.08 ec. of hydroquinone solution to the contents of the 
weighing flask. Evaporate the petroleum ether solution to dryness 
on a hot plate, avoiding explosive boiling. Allow the weighing flask 
to stand 2 hours in the balance room to come to constant weight. 
Weigh the flask and subtract the tare to obtain the number of mg. 








TaBie II 
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of fat in the amount of serum used. After being weighed, the fat igs 
dissolved in 3 cc. of chloroform and transferred with three wash- 
ings to a glass-stoppered 125 cc. Erlenmeyer flask and the iodine 
number determined by the method described by Yasuda (10), 


Effect upon Blood Lipids of Feeding Fats of Widely Different Iodine Number 
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2 3 
3 ’ 
Material ingested s| 8 ou = S 
3 3 z 3 iy 
a 
§ | gle|2) 3) 2/2 
gm. mg. | mg. | mg. | mg. 
vrs r |hrs.| T50 | Too | Too | 100 
a 9. ce. ce. ce. ce. 
’ M. D.| 13] Cream 4.0] 0 | 288] 8.3) 800 
2 | 300] 9.0} 816) 16 
4 | 320)11.7| 925) 125 
R.8.| 9 4.7) 0 | 188) 7.6) 740 
2 | 188] 7.7] 835) 95 
4 | 188] 7.7|1063) 323 
T. MJ 8 ” 4.1} 0 | 150) 5.4) 333 
2 | 150] 5.4) 450) 117 
4 | 150] 5.4) 503) 170 
8.58 6 . 5.6] O | 188} 6.6) 506 
2 | 188] 6.8} 688} 182 
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with 0.02 mg. of hydroquinone were not successful. 
quinone is not carried over from the water suspension in the pe- 


Determinations were carried out on known solutions of cod liver 
oil and linseed oil to test the efficacy of the hydroquinone in pre- 
venting oxidation of the fats when the solvents were dried. The 
results are shownin Table I. Earlierattempts to prevent oxidation 
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troleum ether. The 0.08 mg. added to the petroleum ether ex- 
tract is subtracted from the final weight. Aqueous solutions of 
glucose, sodium chloride, and hydrochloric acid were also extracted 
with petroleum ether and the residue weighed. In each instance 
none of these substances was carried over by the solvent. Bloor 
has used petroleum ether in the reextraction in his oxidative 
method and found it a less active but more selective solvent than the 
other lipid solvents. The evidence available indicates that the 
material reextracted by the petroleum ether represents completely 
and exclusively the lipid content of the blood serum. 


Results 


The results of the determinations carried out on blood from 
fasting and postabsorptive subjects are shown in Table II. The 
increases in the various constituents are similar to those found in 
other reports. The fasting values for total lipid and other con- 
stituents determined were as follows: 








Iodine 
Total Fatty | Lipoid | Choles-| No. of 
lipid acids P terol total 
lipid 
“100 cc. | ™-"@- | 10000. | 100c0. 
No. of determinations............. 8 8 7 7 8 
ts cated ad rl orkananel 588 | 10.47 7.8 208 95.7 
EEE eee 7.85 5.4 150 71 
ae ia seal EE tet! 800 | 14.3 11.0 288 | 125 




















Following the ingestion of cream there was an average increase 
in the total lipid of 222 mg. per 100 cc. and an average increase in 
the fatty acids of 6.8 milli-equivalents per liter. The changes in 
lipoid phosphorus and cholesterol were smaller and less regular, 
indicating that the increase affected principally, if not entirely, 
the neutral fat. The iodine number in each case decreased. The 
increases in blood lipid following ingestion of cod liver oil were 
smaller, probably because smaller amounts of the fat were ad- 
ministered, but were also principally, if not entirely, in the neutral 
fat. The total lipid underwent an average increase of 126 mg. 
per 100 ec. and the fatty acid increase averaged 3.7 milli-equivalents 
per liter. The iodine number in each case increased. 
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An attempt to calculate the molecular weight of the increase in 
fatty acid by dividing the mg. per 100 cc. increase of total lipid by 
the milli-equivalent increase of fatty acids gave irregular values. 
The errors inherent in the methods are such that large errors ap- 
pear in indirect calculations of this type and no conclusions can be 
drawn. 

The results of the determinations of the iodine number, however, 
are more definite. The iodine number of the increment was cal- 
culated by the formula, (increase in mg. of iodine absorbed per 100 
ec. X 100) / (increase in mg. of fat per 100 cc.). The iodine number 
of the increment following the ingestion of cream (iodine number 
30 to 40) ranged between 39 and 60, in each case representing a 
decrease in the iodine number of the blood fat. Following cod 
liver oil (iodine number 156 to 160), the iodine number of the incre- 
ment was between 118 and 135, in each case representing an in- 
crease in the iodine number of the blood fat. The iodine number 
of the increment in these two groups is of the same order of magni- 
tude as the ingested fat and suggests that the increment of fatty 
acid in the blood during alimentary lipemia is made up of the same 


fatty acids as the ingested fat. When lipoid phosphorus or 


cholesterol increases, allowance is made for this increase in the 
calculations. 


DISCUSSION 


The mechanism of fat absorption has recently been reviewed by 
Verzar (11). He reviews the process of digestion in the intestine, 
citing evidence that the neutral fat is hydrolyzed in the intestine 
and resynthesized in the intestinal mucosa. Sinclair (12) ob- 
tained evidence which he interpreted as indicating that the fatty 
acids of ingested fat are incorporated in the phospholipid of the 
intestinal mucosa and later released in the form of the neutral fat 
which makes up the bulk of the fat in the chyle in the postabsorp- 
tive state. His evidence that the phospholipid is an intermediary 
in the resynthesis is based upon an increase in the iodine number 
of the phospholipid fatty acid following ingestion of cod liver oil, 
and an indefinite decrease following ingestion of coconut oil (iodine 
number 10). A later paper (13) offers perhaps a better explana- 
tion for the changes in iodine number of the phospholipid in 
these experiments, as in the later experiments he demonstrates a 
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marked tendency for the phospholipid of the body to take up 
unsaturated fatty acids, substituting them for saturated ones, and 
to retain them after unsaturated acids are removed from the diet. 
Verzar (11) does not attempt to explain the mechanism by which 
the fatty acids are absorbed and resynthesized. He quotes the 
studies of Munk on material obtained from a chylous fistula, 
showing that about 60 per cent of the fat absorbed is transmitted 
through the lacteals in the form of neutral fat. 

Fatty acids are transported in the blood in three types of combina- 
tions—phospholipid, cholesterol ester, and neutral fat. The in- 
crease in phospholipid in alimentary lipemia is inconstant and, 
when it occurs, not great enough to account for any considerable 
proportion of the increase in fatty acid. Cholesterol transports 
fatty acids in the form of esters but the amount transported in 
this manner is also inadequate to account for a very large fraction 
of the increase in fatty acid in alimentary lipemia. Knudson (14) 
studied the cholesterol, both free and in ester form, in the blood 
during alimentary lipemia and found no change in the total choles- 
terol, but a slight increase in the proportion combined with fatty 
acids. ‘This fraction is also inadequate to account for a substan- 
tial portion of the increase of fatty acid. These facts and the work 
of Munk indicate that neutral fat is the form in which most, if not 
all, of the absorbed fat is transported in the blood stream, either 
to the organs in which it is metabolized or to the depots of the body, 
where it is stored as neutral fat. The details of these processes 
are almost entirely unknown. 

Anderson and Mendel (15) and others have demonstrated that 
the character of the food fat influences the type of fat stored in the 
fat depots of the body. The iodine number of the body fat of rats 
fed 60 per cent of their total caloric intake in the form of various 
fats approximated the iodine number of the food fat. This is 
further evidence that the increment of neutral fat in the blood 
stream following ingestion of fat is composed of the fatty acids con- 
tained in fat ingested. 


SUMMARY 
Alimentary lipemia was produced in four well children by ad- 


ministration of 40 per cent cream (iodine number 30 to 40) by mouth 
and in four children by administration of cod liver oil (iodine num- 
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ber 165). The calculated iodine number of the increment was 
between 39 and 60 in those fed cream and between 118 and 135 in 
those fed cod liver oil. These findings are interpreted as evidence 
that the neutral fat resynthesized by the intestinal mucosa and 
absorbed into the blood stream following ingestion of fat, is largely 
or entirely composed of the fatty acids contained in the fat ingested. 
A gravimetric method for determination of total lipid in the blood 
is also described. 
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Since Lundsgaard (1) discovered the effect of iodoacetic acid on 
the chemical processes attending muscle contraction, various other 
remarkable effects of this substance in biochemicai processes have 
been encountered. The interpretation of this effect, especially 
after Dickens’ publication on this matter, amounts to assuming a 
chemical interaction of iodoacetic acid and sulfhydryl groups ac- 
cording to the scheme 


R—SH + ICH.COOH = R—SCH.COOH + HI 


Dickens (2) was the first to describe the preparation of the S- 
carboxymethyl compounds of cysteine and glutathione, which 
we also had just prepared when Dickens’ paper was published. 

There can be no doubt that on the interaction of a sulfhydryl 
compound with iodoacetic acid this reaction occurs with great 
ease, and compounds of this kind will be described in the experi- 
mental part beside those prepared by Dickens. 

It seems, however, not to be generally appreciated that iodoacetic 
acid also reacts quite easily with amino groups according to the 
equation 


RNH, + 2ICH:COONa + 2NaOH — RN(CH:COONa), + 2NaI + 2H,0 


This reaction occurs with both aliphatic and aromatic amines and 

products of the action of iodoacetic acid on glycine, alanine, cystine, 

and p-phenylenediamine will be described. The product obtained 

from glycine and 2 moles of iodoacetic acid has also been obtained 

from ammonia and 3 moles of the halogen acid. This particular 

compound has already been prepared by Heintz (3). The remark- 
331 
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able feature of these reactions is the ease with which complete 
substitution of all the hydrogen of amino groups can be accom- 
plished. The products are polycarboxylic acids as an example of 
which may be mentioned N(CH,COOH); obtained from either 
ammonia or glycine. Evidence is also presented that this can 
exist as a zwitter ion. 


CH,COO- 
+/ 
HN—CH:.COOH 


CH,COOH 


When an aqueous solution of this compound is potentiometrically 
titrated with standard alkali, two carboxyl groups are titrated in 
succession behaving as rather strong acids and a 3rd equivalent 
of NaOH is used up in the alkaline range to deionize the ammonia 
group. The third carboxyl group is ionized from the beginning 
and does not show up during titration with alkali. There is so 
far no evidence that quaternary ammonium salts are formed in 
any of these reactions. 

The reaction described has been carried out with halogen acids 
other than iodoacetic acid and is probably general with halogenated 
fatty acids, though very likely the iodo compounds are more reac- 
tive than bromo or chloro compounds. In many of the prepara- 
tions to be described other halogen fatty acids are used. With 
chloroacetic acid or a-bromopropionic acid on the one hand and 
glycine or alanine on the other, the following series of compounds 
has been made. 

(CH.COOH): (CH,COOH) 
N(CH.,COOH);; N ;N ; N(CHCH;-COOH); 
(CHCH;,COOH) (CHCH,COOH), 


Of these the tricarboxymethylamine is quite outstanding, differing 
from the others in its insolubility and the ease with which it crys- 
tallizes. It also forms an insoluble, easily crystallizable barium 
salt. All the others are extremely water-soluble as are also their 
barium salts; so more round about methods had to be used for 
their separation. An attempt was made to use this characteristic 
of tricarboxymethylamine to determine quantitatively the glycine 
content of proteins. Gelatin or silk was hydrolyzed with acid, 
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the hydrolysate made alkaline, and treated with excess of chloro- 
acetic acid and acidified to the turning point of Congo paper with 
HCl; the tricarboxymethylamine derived from glycine alone is 
precipitated, in the course of several days, with a yield, amounting 
to about 75 per cent of the theoretical yield calculated on the gly- 
cine content of the protein. 

On comparing the relative rates of reaction of iodoacetic acid 
with —SH and with —NH; groups the one with —SH seems to be 
the more rapid. In the case of cysteine for example, which con- 
tains both —SH and —-NH, groups, it is possible to obtain the S- 
ether compound with the —-NH: group unaffected provided too 
large-an excess of iodoacetic acid is avoided. In all cases investi- 
gated the reaction with —NH;: groups is very rapid when carried 
out under the conditions established for purposes of preparation of 
the products. At about 80° and in quite alkaline solution the 
reactions appear to be complete in 15 minutes. However, all these 
reactions also occur at room temperature and many of the prepa- 
rations have actually been carried out in this way. The reaction 
also occurs slowly in the physiological pH range as was determined 
for the case of glycine. A glycine solution made just alkaline to 
phenolphthalein, when mixed with an exactly neutralized solu- 
tion of iodoacetic acid, liberated at room temperature hydriodic 
acid as was determined by observing the progressive decrease in 
standard acid required to bring a sample of the mixture to the 
turning point of methyl red and also by the progressive appearance 
of iodide ion as determined by silver nitrate. A control solution 
containing no glycine did not show this effect, so it could not have 
been due merely to the hydrolysis of iodoacetic acid. This libera- 
tion of hydriodic acid continued even after the mixture, as a result 
of the reaction, had become acid to phenolphthalein. Another 
experiment in which a solution of glycine and iodoacetic acid was 
neutralized with excess sodium bicarbonate in such a way that the 
mixture was always in the NaHCO;-H:CO; buffer range (acid to 
phenolphthalein) showed that the reaction had reached half com- 
pletion in about 8 hours at 30°. 

Some experiments were also run to determine the relative rates 
of reaction of iodoacetic acid with the —SH groups of different 
compounds, cysteine, thioglycolic acid, and thioglycolic acid anilide 
being chosen. The rates were followed by noting the decrease in 
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iodine consumption of samples of the mixture after various time 
intervals. Enough sodium carbonate was added in each case to 
be just equivalent to the initial acids present. The reaction was 
70 per cent complete in the case of cysteine in about 10 minutes, 
with thioglycolic acid anilide in about 30 minutes, and with thio- 
glycolic acid in about 3 hours. This latter example shows that 
not all —SH compounds react with the same ease as cysteine. 
Glutathione belongs to the very rapidly reacting —SH compounds. 

With these reactions of iodoacetic acid, shown to occur under 
conditions approaching the physiological, the interpretation of 
results obtained with this acid will have to be made cautiously. 
One may say, if the effect of some agent such as an enzyme is des- 
troyed by iodoacetic acid at a pH of 7 to 8, the point of attack of 
this acid may be considered as a —-SH group, provided this is 
confirmed by some other evidence. If the effect of iodoacetic acid 
occurs only at pH > 7 or 8, the point of attack may be just as well 
an amino group. The reaction of iodoacetic acid on hydroxyl 
groups is probably negligible under conditions of physiological 
experiments. 


EXPERIMENTAL 


Iodoacetic acid was prepared from chloroacetic acid and potas- 
sium iodide, and recrystallized three or four times from carbon 
tetrachloride. It was perfectly white and free from free iodine. 

Tricarboxymethylamine—Although this compound has already 
been described by Heintz, the preparation which has been worked 
out is so much simpler that it seems worth presenting. 1.5 gm. 
of glycine and 7.5 gm. of iodoacetic acid are dissolved in 20 cc. of 
water and 16 cc. of 6 mM KOH are added. The mixture is warmed 
in a water bath at 80° and then cooled. HCl is added cautiously 
until the mixture is just acid to Congo red paper. The product 
crystallizes out, on scratching a little, as large plates and after 
drying weighs 3.1 gm. It can easily be recrystallized from hot 
water. 2.5 gm. are obtained or 66 per cent of the theoretical. 


N(CH,COOH);. Calculated, N 7.33; found, N 7.42 


The crystals melt with decomposition at 230-235°. Fig. 1 
shows a potentiometric titration of an aqueous solution of this acid 
at the glass electrode. 3 equivalents of NaOH are used up; 2 
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within the acid range. The pK values of these two overlapping 
steps are somewhere around 3. The third constant is about 10 
and should be interpreted as the acidic constant (in Brénsted’s 
sense) of the amino group. 

The rest of the carboxymethyl- and carboxyethylamines which 
were prepared could not be isolated directly because of their great 
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Fie. 1. Curve A, tri(carboxymethyl)amine, 0.0525 gm., titrated with 
0.0993 m NaOH. The arrows at the top of the figure show where the 3 
equivalents of alkali are used up, as read from the graph, the abscissa of 
the big jump being taken to calculate the other two steps. Curve B, di- 
carboxymethylcysteic acid, 0.0647 gm., titrated with 0.0993 m NaOH. The 
arrows at the bottom of the figure correspond to the successive consumption 
of 4 equivalents of alkali as deduced from the jump in the curve at the 3rd. 
These curves were run with a glass electrode, the B.M.F. values being trans- 
lated to pH by comparison with the £.M.F. read in standard acetate buffer. 
In each case the end-point as read from the graph is between 3 and 4 per 
cent short of the end-point as calculated from the weight of substance and 
the formula deduced from analysis of the compound. 


solubility. They are formed by warming together 40 mm of either 
glycine or alanine and 80 mm of chloroacetic or a-bromopropionic 
acid with enough potassium hydroxide to neutralize the original 
acids as well as the halogen acid which splits out as a result of the 
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reaction. These mixtures are all warmed at about 80° for half an 
hour, 6 M HCl is added until the solution is acid to Congo red paper, 
and then it is evaporated in vacuo to drynéss. The residue is 
extracted with about 50 cc. of hot glacial acetic acid containing 
about 4 gm. of potassium acetate and the hot acetic acid filtered 
off quickly with suction. After cooling the filtrate it may be neces- 
sary to filter again if potassium bromide separates. About 400 to 
500 ce. of absolute alcohol are then stirred into the filtrate and the 
mixture set on ice. In the case of the two unsymmetrical amines 
precipitation is immediate but the products are not crystalline, 
while with the two symmetrical amines complete separation may 
take 4 days to a week but the products are crystalline. After fil- 
tering off the deposits, washing with absolute alcohol, and drying 
in vacuo, these analytical results were obtained. 


HK. 


T (CH:COO), 7 Calculated. N 5.76, K 16.04 
N 
a Seen Found. “ 5.48, “ 14.59 


‘ (CH,COO) Calculated. “ 5.45, “ 15.17 
nC HK. 








(CHCH;COO), | Found. “ 5.69, “ 15.18 
. Calculated. “ 5.17, “ 14.39 
[N (CHCH;COO); | HK. Seenndll “ 5.47, “ 14.88 


The first two of these compounds are extremely hygroscopic and 
difficult to obtain in a form suitable for analysis. 

Tetrapotassium Tetracarboxymethylcystine Diacetate—A solution 
of 10.7 gm. of cystine in 20 ec. of water and 13.7 cc. of 6.4 m KOH 
is mixed with one of 51.8 gm. of iodoacetic acid in 20 cc. of water 
and 43 ce. of 6.4m KOH. To the mixture 35 cc. more 6.4 m KOH 
are added and the clear solution either heated in a water bath at 
90° for 30 minutes or allowed to stand at room temperature for an 
hour or two, after which it is filtered if necessary. To the clear 
solution 750 cc. of alcohol are added and the mixture set on ice 
for2hours. A heavy liquid separates at the bottom of the beaker. 
To obtain an analyzable pure substance from the liquid, the fol- 
lowing procedure was adopted. The main body of liquid is de- 
canted and the heavy liquid residue is washed by decantation with 
three 25 cc. portions of alcohol and two 25 cc. portions of acetone. 
The remaining acetone is then removed by gentle warming. On 
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cooling, the residue often crystallizes at this point. It is dissolved 
in 150 cc. of glacial acetic acid containing in solution 18 to 20 gm. 
of potassium acetate. When it is completely dissolved, which 
process requires considerable stirring, the solution must be per- 
fectly clear; if it is not, it is filtered. 600 cc. of absolute alcohol 
are added, producing a heavy white precipitate. The mixture is 
now set in a water bath at 70° for an hour and then cooled. The 
precipitate becomes somewhat sandy though not definitely crys- 
talline. It is filtered off and washed with a large volume of abso- 
lute alcohol and then dried over H,SO, in a vacuum. 33.0 gm. of 
product are obtained, a yield of 88 per cent. The formula appears 
to be 


| 

N(CH,-COOK), 
Calculated. S 8.60, N 3.76, K 20.98 
Found. “8.34, “ 3.84, “* 21.55 


—S-CH.-CH-COOH 
-2CH,COOH 
2 


The product is perfectly white and is extraordinarily easily solu- 
ble in water. This property may make it of some interest, béing 
an easily obtainable derivative of cystine which is soluble in both . 
the disulfide and the sulfhydryl forms. The aqueous solution is 
acid in reaction. As to the formulation of this compound, one 
way is, as shown above, to regard the acetic acid as analogous to 
the water of hydrates. Another way is to regard the compound 
as an amphi-salt in the sense described by Pfeiffer (4), that is 


| —S—CH;—CH—COOH | 
(CH;COO)- H*N(CH,-COO-),2K* _]. 


No decision between these. formulations being yet possible, it 
suffices to classify this compound in the group of crystalline com- 
pounds consisting of a molecule of an ampholyte plus 1 molecule 
of a neutral salt. 

Tetracarborymethylcystine—Attempts to prepare the free acid 
itself were largely unsuccessful. The barium salt was precipitated 
as an amorphous solid from a slightly alkaline solution of the po- 
tassium salt just described. This barium salt is filtered off, washed 
well with water, resuspended in water, and sulfuric acid added in 
the cold until there is just a very slight excess of the acid. The 
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barium sulfate is filtered off, the clear solution evaporated in vacuo 
to dryness, and the residue ground up with acetone. The white 
sandy mass that is left is filtered off, washed with acetone, and 
dried. Most preparations gave values very low in sulfur, indicat- 
ing some kind of decomposition. Only one preparation gave 
analytical figures which began to appear reasonable. 


[—S-CH,-CHN(CH,COOH),-COOH],. Calculated. 8S 13.55, N 5.93 
Found. ** 14.40, “ 5.98 


Dicarboxymethylcysteic Acid—This is the only compound in this 
series which could be obtained in a distinctly crystalline condition. 
The potassium salt described above is dissolved in a little water, 
bromine added to a slight excess, the solution made alkaline, and 
the barium salt of the sulfonic acid is precipitated. This is washed 
with much water, decomposed with exactly an equivalent amount 
of sulfuric acid, and the filtered solution evaporated to dryness 
in vacuo. The residue is ground up with acetone, filtered, and 
dried. It is then dissolved in a small quantity of absolute methy] 
alcohol, filtered, and about 10 volumes of acetone added. After 
_ standing on ice a few days a crystalline deposit of short needles 
separates. This is filtered off, washed with acetone, and dried. 


HO,S-CH:-CHN(CH,COOH).-COOH-H:,0. Calculated. S 10.55, N 4.62 
Found. ** 10.36, ‘* 4.47 


An acid titration curve for this substance is given in Fig. 1. 
This shows three strong acid constants (pK < 3) and a fourth in 
the neighborhood of 9.5. According to expectation, instead of the 
3 equivalents of alkali used up in the case of the glycine compound 
plotted in Fig. 1, 4 equivalents are used up here due to the addi- 
tional presence of a SO;H group. 

Dipotassium Dicarborymethylcysteine Monoacetate—Attempts to 
prepare the corresponding —SH compound also failed to yield a 
crystalline product. By reduction of the above potassium com- 
pound with tin in 4 m HCl, neutralization of most of the acid, 
removal of tin with H.S, and evaporation of the resulting solution 
to dryness in vacuo, an oily product is obtained which is extracted 
with a mixture of 50 cc. of glacial acetic acid containing about 
5 gm. of potassium acetate. The acetic acid is filtered off and the 
product precipitated with 4 volumes of absolute alcohol. The 
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mixture is digested at 80° for an hour, which renders the precipitate 
somewhat sandy but not definitely crystalline. It is filtered off 
and washed with absolute alcohol. 


HS—CH:-CH—COOH 


| 
CH;COO- H*N(CH,COOK), 
Calculated. S 8.58, N 3.75, K 20.90 
Found. ** 10.06, “* 3.99, “* 21.83 


Titration of this compound with alcoholic iodine gave an equivalent 
weight of 338 instead of the theoretical 373, but the end-point is 
very unsatisfactory. That point is taken at which the iodine 
color suffuses the whole solution for a few seconds, but much more 
iodine may be added that is very slowly consumed probably caus- 
ing further oxidations such as investigated by Simonsen (5). 
There can be no doubt that the expected substance has been ob- 
tained, although not in a perfectly pure state owing to the lack of a 
well crystallized salt. In alkaline solution it gives oxidized com- 
plex compounds with cobalt just as cysteine itself does (6). Of 
interest also is the fact that it does not give the Sullivan reaction 
characteristic of cysteine. 

In addition to these aliphatic amines the action of iodoacetic 
acid on aromatic amines has also been tried. The neutralized 
iodoacetic acid and p-phenylenediamine are warmed together with 
enough alkali to neutralize the HI which splits out. The reaction 
is very rapid, 15 minutes being enough for completion. Both 
the barium salt and the free acid are well crystallized compounds. 

Tetracarboxymethyl-p-Phenylenediamine—This compound melts 
with decomposition at 165°. On partial oxidation with bromine 
water it develops a semiquinoid violet dyestuff analogous to Wur- 
ster’s blue, showing two distinct absorption bands, whose wave- 
lengths are somewhat different from all Wurster’s dyes known to 
us and may be described at another occasion (ef. (7)). 


(HOOC-CH:)2-N-CsH,- N(CH:-COOH)>. Calculated. N 8.24 
Found. ** 8.48, 8.40 


Tetracarborymethyl-p-Phenylenediamine Barium Salt— 


Ba;(OOC-CH:)«N2-CeHg. Calculated. N 4.59, Ba 45.04 
Found. “* 4.38, “ 45.25 
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Some products of the interaction of iodoacetic acid on —SH com- 
pounds had already been prepared when the work of Dickens ap- 
peared, describing those of cysteine and of glutathione. As the 
compound with cysteine we have prepared was made by a much 
simpler method, has been recrystallized, and gives a much higher 
melting point than the one reported by Dickens, it seems advis- 
able to describe its preparation. 

5.5 gm. of cysteine hydrochloride and 3.6 gm. of chloroacetic 
acid are dissolved in 10 ec. of water, and 17 cc. of 6.7 m KOH are 
added. The heat of neutralization of the acids and the heat of 
reaction make the mixture quite hot. After 5 minutes it should 
still be alkaline tolitmus. Add glacial acetic acid until the solution 
is just acid to litmus and let stand on ice 2 hours. Filter off the 
cystine. 6 mM HCl is now added so the mixture becomes just blue 
to Congo red paper, and it is again set on ice for 2 hours. The 
crystalline precipitate which has separated is filtered off, dissolved 
in 200 cc. of boiling water, and the hot solution filtered and set on 
ice. 6-Sided plates separate. They differ from cystine in not 
being regular hexagons as well as their easy solubility in hot water. 
70 per cent of the theoretical yield is obtained after one recrystalli- 
zation. 

HOOC-CHNH:;-CH;-S-CH.COOH. 

Calculated. N 7.82, S 17.88, C 33.51, H 5.06 
Found. “* 7.75, ‘* 17.81, “‘ 32.97, ‘* 5.24 


The melting point is 175-176° with decomposition. 

The corresponding compound with thioglycolic acid anilide is 
made similarly by warming together in solution equivalent quanti- 
ties of the anilide and of iodoacetic acid neutralized with Na2COs. 
After 20 minutes the mixture is cooled, acidified with HCl, and set 
onice. The crystals may require some scratching before appearing. 
They can be recrystallized from a small volume of hot alcohol. 
After drying in vacuo 80 per cent yields can easily be obtained. 
The corrected melting point is 99-100°. 

C.H;-NH-CO-CH;-S-CH,-COOH. 

Calculated. S 14.21, N 6.22, C 53.38, H 4.93 
Found. ** 14.30, “ 5.77, “ 53.40, “ 5.11 


The glutathione compound was prepared by allowing a solution 
of crystallized glutathione and iodoacetic acid just neutralized 
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with NagCO; to stand in a heavy veronal buffer at room tempera- 
ture. The precipitated veronal is removed by filtration, carbonate 
is removed with barium, and the barium salt of the glutathione 
compound precipitated with alcohol. This is filtered, washed, 
dissolved in water, and the lead salt precipitated. From this the 
desired compound is obtained by treatment with H,S, filtration, 
and evaporation to dryness. 


CioHisO6N;S-CH,COOH -H,0. 
Calculated. 8S 8.35, N 10.96, C 37.60, H 5.53 
Found. ** 8.30, ‘* 10.73, “* 35.10, ‘* 5.34 


Thiodiglycolic acid has also been isolated from the reaction of 
iodoacetic acid and thioglycolic acid. 


SUMMARY 


Iodoacetic acid reacts not only with sulfhydryl compounds but 
also with amino compounds both aliphatic and aromatic, particu- 
larly with amino acids. All H atoms of the —SH or —NH, group 
are easily substituted by the radical —CH,COOH. For both 
these groups of reactions examples are described. The following 
compounds have been prepared: tri(carboxymethyl)amine,' di- 
(carboxymethyl) (a-carboxyethyl)amine potassium salt, carboxy- 
methyldi(a-carboxyethyl)amine potassium salt, tri(a-carboxy- 
ethyl)amine potassium salt, tetracarboxymethylcystine, dicar- 
boxymethyleysteic acid, dicarboxymethyleysteine acetate, tetra- 
carboxymethyl-p-phenylenediamine, S-carboxymethylcysteine,' S- 
carboxymethylglutathione,! S-carboxymethylthioglycolic acid ani- 
lide. 
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THE ROLE OF COPPER IN CARBOHYDRATE METAB- 
OLISM 


By H. L. KEIL ann VICTOR E. NELSON 
(From the Laboratories of Physiological Chemistry, Iowa State College, Ames) 


(Received for publication, May 11, 1934) 


Copper has been designated as one of the dietary essentials by a 
number of investigators and appears to occupy a unique position 
as a necessary supplement to iron for the synthesis of hemoglobin 
within the animal body. However, our present knowledge con- 
cerning the function of copper, other than as a hematopoietic agent, 
is limited. In view of the fact that this element is found by 
analysis in many organs, one is led to believe that its presence is 
not accidental, but perhaps is required to promote normal activity 
in that portion of the body containing it. Any attempt to dis- 
close specific organic effects on living rats receiving copper would 
be difficult. It therefore occurred to us that an investigation of 
some major physiological process might yield information indica- 
tive of another réle of copper in nutrition. With this idea in mind 
a series of glucose metabolism experiments was initiated. 

Gettler and Lindeman (1) have reported abnormally high blood 
sugar in pernicious anemia. They interpret the results to mean 
either a failure in glucose oxidation or a disturbance of the glycogen- 
glucose equilibrium. Glucose tolerance tests performed by Rennie 
(2) on patients with pernicious anemia, after a 10 to 12 hour fasting 
period, showed higher values than were obtained on the controls. 
No correlation could be drawn between hemoglobin and blood 
sugar levels. The work presented in this paper consists primarily 
of a comparison of glucose utilization by anemic rats, before and 
after copper and iron supplementation, with that of normal animals. 
Sugar tolerance tests have been selected as a means of determining 
the rate of glucose metabolism in an attempt to answer the following 
questions: (1) Does copper influence other physiological processes 
aside from that of hemoglobin formation? (2) Can the rate of dis- 
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appearance of glucose from the blood stream be correlated with 
hemoglobin content in nutritional anemia? (3) Is the fasting 
blood sugar level higher in anemic than in normal animals? 


EXPERIMENTAL 


Anemic rats maintained upon a milk ration low in copper served 
as test animals because hemoglobin and stored copper could be 
markedly reduced simultaneously. The blood sugar changes in 
these animals were then studied first from the standpoint of anemia 
and next after copper administration. The experiments to be 
described comprise 78 anemic and eighteen normal rats equally 
divided with respect to sex. Six animals of the same sex were 
housed together in a galvanized iron wire cage resting on glass rods 
over a pan containing wood shavings. All animals were selected 
from stock colony mothers at 30 days of age. Those to become 
anemic were fed upon whole milk—from pure-bred Holstein cows— 
collected in glass containers, in order to eliminate copper and iron 
contamination. A copper and iron depletion period of from 8 to 
10 weeks was prescribed for the anemic rats, while the normal con- 
trols were fed a stock diet for the same length of time. Hemo- 
globin determinations were made periodically by the Newcomer 
acid hematin method. 

After the hemoglobin had fallen to a sufficiently low level the 
experiments were started by fasting the rats for 20 hours previous 
to bleeding. Preliminary tests served to eliminate those showing 
either signs of nervousness during the tail bleeding operation or an 
unwillingness to drink readily from a pipette. Only rats demon- 
strating consistent glucose values were continued on experiment, 
since it is well known that fear and emotion will cause fluctuations 
in blood sugar determinations. The regular procedure was to de- 
termine first the blood sugar level after a 20 hour fast. Each 
animal was then given orally a pure glucose solution in an amount 
affording exactly 200 mg. of glucose per 100 gm. of body weight. 
Individual blood analyses were carried out at 3, 1, and 2 hours after 
glucose ingestion. Previous experience had shown 10 minute in- 
tervals to be very annoying to the unanesthetized animal; be- 
sides, the blood sugar curve rose steadily during the first 30 minutes 
after which it declined at a similar rate. 

Blood sugar determinations were made by the method of Folin 
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H. L. Keil and V. E. Nelson 345 
and Malmros (3). A slight modification was introduced because 
of the difficulty encountered in obtaining the 0.1 ce. of blood, re- 
quired by the Folin pipette, from the tail of the rat. Newcomer 
hemoglobin pipettes proved much better for our method of sam- 
pling. Two 20 c.mm. volumes of blood from an individual were 
accurately measured and delivered into a 15 cc. centrifuge tube 
containing 4 cc. of Folin’s dilute tungstic acid solution. After 
thoroughly mixing and centrifuging, the supernatant liquid was 
poured into a Pyrex tube marked at a 25 cc. volume content. This 
protein-free filtrate represented 40 c.mm. of blood and equaled 
the amount taken for a single determination in the Folin and 


TaBLE | 
Effect of Sampling on Accuracy of Method 














Glucose per 100 cc. blood 
Rat No. 
Folin pipette Newcomer pipette 

mg. mg. 
1 113 109 
2 102 101 
3 111 lll 
4 114 112 
5 103 102 
6 107 104 
7 96 95 
8 89 90 

Average.............. 104.3 103.0 











Malmros method. Their procedure was followed from this point. 
Table I offers a comparison of glucose values obtained with the Folin 
and also the Newcomer pipette from the same blood sample. The 
blood was collected from normal rats after a 9 hour fast. They 
were stunned and immediately bled into beakers containing a little 
sodium oxalate to prevent clotting. 

Copper as CuSO,-5H:O was fed orally at a level of 0.1 mg. 
daily in the milk. The copper salt was made by dissolving a 
Hilger spectrograph electrode in dilute HNO;; the resulting Cu- 
(NOs)2 was filtered, converted to CuSO, by digesting with H,SO,, 
and finally crystallized from a dilute solution. Selected crystals 
dissolved in copper-free water formed the solution which was fed. 
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Iron as FeCl; was administered at a rate of 1.0 mg. daily in the 
milk. Pure FeCl, was made by dissolving Baker and Adamson’s 
standardization iron wire in a 1:1 HCl solution. The filtered 
crystals were placed in a solution of 2 per cent HCl and freed of 
copper by bubbling H.S through the liquid for 30 minutes; after 
filtration, the iron was oxidized to FeCl]; by boiling with HNO; and 
was converted to Fe(OH); upon the addition of NH,OH. Ferric 
hydroxide, thus obtained, was washed well on a Buchner filter and 
put into solution as FeCl; by bubbling HCl through the suspension. 
The solutions as fed were analyzed for iron by the KCNS method 
to insure quantitative administration. Both CuSO, and FeCl, 
solutions, made in the manner described, proved to be free from 
contamination of each other. They were tested separately on 
anemic rats and found to produce no hematopoietic response. 


DISCUSSION 


The blood sugar tolerance curves shown in Figs. 1 to 4 represent 
composite data obtained from a number of rats grouped according 
to individual hemoglobin values at the beginning of the experi- 
ment. Fig. 1 depicts the performance of forty-eight anemic and 
eighteen normal animals. Average hemoglobin values for the 
anemic males and females were 4.8 and 5.1 per cent respectively. 
It can be seen that a high fasting level and peak exist in nutritional 
anemia, although the rate of return to initial conditions is prac- 
tically the same as in normal controls having a hemoglobin content 
of 15 per cent. Intestinal absorption is not impaired in anemia 
as evidenced by the uniform time of maximum rise in blood sugar. 
Sugar metabolism appears to go on at the same rate in both sexes, 
due to the fact that ovulation does not occur in anemic rats. 

Six males were tested (Fig. 2) first at a hemoglobin level of 4.1 
per cent as shown in the upper curve. They were then fed 0.1 mg. 
of copper together with 1.0 mg. of iron daily in the milk for 15 days, 
when their hemoglobin values averaged 11.55 per cent; at this 
point glucose tolerance was determined. Results of this experi- 
ment make up the lower curve (Fig. 2). That the glucose utiliza- 
tion approaches a normal state is manifested by both a lower fast- 
ing level and peak. A comparison of the following curves—Fig. 2 
(upper), Fig. 2 (lower), and Fig. 1 (lower) with corresponding hemo- 
globin values of 4.1, 11.55, and 15.0 per cent—establishes a corre- 
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lation between amount of hemoglobin and reducing power of the 
blood. 

The top curve (Fig. 3) was derived from data obtained on six 
male and six female rats, whose hemoglobin values averaged 5.4 
per cent. After a 10 day copper feeding period their glucose 
tolerance changed markedly as is shown by the lower curve (Fig. 3). 
It can be clearly seen that copper ingestion has lowered the maximum 
point by some 30 mg. while the fasting level remained practically 
stationary. Copper administration did not cause regeneration of 
hemoglobin in these animals; therefore, the effect must have been 
due to thiselement alone. Furthermore, the fasting level has been 
shown to remain high as long as anemia persists (Figs. 1 and 2), 
Other data, not included in this paper, substantiate these results. 

We have no direct experimental evidence as to the mode in which 
copper acts to reduce the glucose peak in anemic rats. The most 
‘logical explanation seems to involve an improvement in liver fune- 
tion to bring about an acceleration of glycogen formation and 
thus a rapid removal of glucose from the blood. Unpublished 
data, obtained in this laboratory from anemic rat urine, show no 
impairment of pancreatic activity. The possibility of a direct 
oxidation catalyzed by copper either in the blood stream or in 
muscular tissue is overruled, provided that glucose is assumed to 
be the only reducing agent in anemic blood. And if this assumption 
is correct, then a lowered fasting value should result from copper 
administration. Pure iron alone does not affect glucose tolerance 
(Fig. 4). The uppermost curve produced from data on twelve 
anemic rats divided equally as to sex falls almost upon the lower 
curve obtained from the same rats after 1.0 mg. of iron had been 
fed daily for 10 days. Hemoglobin values averaged 6.2 per cent 
and were not altered by iron feeding. 


SUMMARY 


1. Oral administration of copper alone to anemic rats produces & 
different type of glucose tolerance curve than that obtained from 
the same animal before the mineral ingestion. A significant lower- 
ing of the maximum point demonstrates a réle of copper in nutri- 
tion aside from hemoglobin formation. The fact that hemoglobin 
values were unaltered proves that the effect was due not to ordinary 
physiological oxidative processes, but must have arisen from a 
hitherto undescribed property of copper. 
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2. Pure iron alone does not improve glucose utilization as shown 
by sugar tolerance tests. 

3. Any increase of hemoglobin in anemic rats produces a pro- 
portional increase in sugar tolerance coupled with a lowered 
glucose level in the blood after a 24 hour fast. 

4. Blood sugar values determined after 20 hours of fasting are 
consistently higher in animals suffering with nutritional anemia as 
compared to normal controls of the same age; whether or not this 
reducing substance is all glucose has not been determined. Both 
sexes perform similarly on glucose tolerance experiments when 
the hemoglobin is at an anemic level. 
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THE USE OF THE HAGEDORN-JENSEN METHOD IN 
THE DETERMINATION OF SKIN GLUCOSE* 


By DONALD M. PILLSBURY ann GEORGE V. KULCHAR 
(From the Department of Dermatology and Syphilology and the Department 
of Physiological Chemistry, School of Medicine, University of 
Pennsylvania, Philadelphia) 


(Received for publication, March 15, 1934) 


A study of the relation of various skin disorders to disturbances 
of carbohydrate metabolism has led us to a consideration of the 
various methods of glucose determination in skin. A micromethod 
enabling the use of small samples seemed preferable since large 
specimens of human skin are often difficult to obtain. Urbach 
and Fantl (1) have employed a direct adaptation of the Hagedorn- 
Jensen blood method for the determination of skin glucose. 
Samples of skin which have been sliced and teased apart are ex- 
tracted and precipitated in the regular Hagedorn-Jensen zinc 
sulfate-sodium hydroxide mixture. Following filtration and wash- 
ing, the reducing substances of the filtrate are determined by the 
ferricyanide reagent. 

The paper of Urbach and Fantl contains no indication that the 
method had been studied critically. There are several possible 
sources of error which we have thought warranted study: the 
length of time of extraction of the skin, the possibility of glyco- 
genolysis during the extraction of the tissue in the hot alkaline zine 
sulfate-sodium hydroxide mixture, and the possibility of enzymatic 
glucose formation or destruction in skin after removal from the 
animal. We have compared the skin glucose values obtained by 
the Hagedorn-Jensen method with values obtained by the 
Somogyi-Shaffer-Hartmann technique. 


Meth. 


Both guinea pigs and rabbits, chiefly the latter, were used. The 
animals were fasted for periods varying from 24 to 72 hours. The 


* This research was aided by a grant from the Special Research Fund 
of the University of Pennsylvania. 
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skin over the mid-portion of the abdomen was shaved 48 hours 
before removing the skin samples, irritation being avoided as 
much as possible. Skin from this region was used because of the 
ease with which it could be dissected from the subcutaneous tissue. 

Sodium amytal (75 mg. per kilo), given intraperitoneally, was 
used for anesthesia. Following administration of the drug the 
animal was allowed to remain quietly in its cage until relaxation 
had occurred. The sample of skin was quickly removed, cut into 
very thin slices with scissors, and portions totaling 100 to 150 
mg. were dropped into weighed corked tubes containing 1 cc. of 
0.1 n sodium hydroxide and 5 cc. of 0.45 per cent zine sulfate. 
The tubes were then weighed to 0.1 mg. and placed in a boiling 
water bath for 3 minutes. The elapsed time between removal of 
the skin from the animal and the beginning of extraction seldom 
exceeded 4 minutes. 

On removal from the water bath the contents of the tubes were 
filtered through washed cotton-wool which had been rather tightly 
packed in the funnel tube. The precipitate was washed three 
times with 3 cc. portions of hot distilled water. The reducing 
substances were then determined by the Hagedorn-Jensen method 
as modified by Cole (2). 

To determine the effect of longer extraction and varying alka- 
linity of the extracting medium this procedure was varied by 
extracting the tissue for periods up to 120 minutes in the regular 
zine sulfate-sodium hydroxide mixture, in water, in 0.45 per cent 
zine sulfate, and in 0.1 N sodium hydroxide. The results obtained 
by varying the time of extraction of skin in the hot ZnSO,-NaOH 
mixture are recorded in Table I. It may be seen the reducing 
substances in solution increase with the extraction time until 1 
hour is reached, when no further rise is noted. A similar rise in the 
reducing values was obtained when water, 0.45 per cent ZnSO, 
or 0.1 nN NaOH was used as the extracting medium. It appeared 
from these latter experiments that the alkalinity of the ZnSO,- 
NaOH mixture was not responsible for the rise in reducing values 
with increased extraction time. Experiments were performed in 
which 10 mg. of glycogen were added to each of a duplicate series 
of tubes and the effect of increased extraction time noted. The 
addition of glycogen did not affect the results. 

Determination of the non-fermentable reducing substances was 
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made by adding 1 cc. of a 10 per cent yeast suspension, prepared 
after the method of Benedict (3), to the filtrate of skin which had 
been extracted in distilled water for varying periods. The mixture 
was incubated at 37°: for 15 minutes, and zine sulfate and sodium 
hydroxide added in amounts sufficient to bring the final solution 
to the proper concentration. As the yeast blank determination 
is large, care must be taken to use uniform samples of the yeast 
suspension for fermentation and for the blanks. 


TaBLeE I 
Relation of Time of Extraction to Reducing Substances Extracted, in Rabbits 


All extractions are made in ZnSO,-NaOH at 100°; the results are given 
in mg. of glucose per 100 gm. of tissue. 











Experiment No. | 3 min. | 15 min. 30 min. | 60 min. 120 min. 
XIII 194 267 
XVI 125 211 
XVII 137 204 
XVIII 137 174 
XXIII 124 171 
XXIV 125 165 219 
XXVI 112 179 
XXVII 164 192 200 223 223 
XXX, guinea pig 143 250* 226 240 
XXXI 144 223 233 
XXXV 131 199 























* Extracted 45 minutes. 


The total reducing substances and the non-fermentable reducing 
fraction were determined in samples of skin extracted for periods 
varying from 3 minutes to.2 hours. The data are given in Table 
II. It will be seen that no non-fermentable reducing substances 
were found in the filtrates of tissue extracted for 3 minutes and 
that the rise in total reducing substances occurring with increased 
extraction time seemed to be due to the increased amounts of non- 
fermentable reducing substances extracted. In this connection 
it is interesting to note that some investigators of tissue glucose 
have employed extraction times of 1 hour or more (Bischoff and 
Long (4); Folin, Trimble, and Newman (5)). Our results would 
indicate that in finely sliced skin long extraction times are not 
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necessary for the recovery of glucose and are not desirable on 
account of the extraction of non-fermentable reducing substances, 

With the optimum time of extraction established, recovery of 
added glucose was studied. Three experiments were performed 
as follows: seven sliced skin samples approximately 100 mg. in 
weight were taken from the same animal and weighed in stoppered 
test-tubes to 0.1 mg. To each of four of the tubes was added 
0.2 mg. of glucose in 1 cc. of water. The tubes were thoroughly 
shaken and the reducing substances determined by extracting for 














TaBLe II 
Increase in Non-Glucose Reducing Materials with Increase in Time of 
Extraction 
Glucose per 100 gm. tissue 
Experiment Time of 
No. extraction Total reducing Non-fermentable Glucose 
material reducing material (calculated) 
min. mg. mg. mg. 
XXXII 3 126 0 126 
30 165 46 119 
60 178 Lost 
90 201 62 139 
120 218 100 118 
XXXV 3 131 0 131 
60 199 66 133 
XXXVI 3 161 0 161 
XXXI 3 144 0 | 144 
60 223 78 145 
90 215 80 | 135 














3 minutes with the ZnSO,-NaOH mixture at 100°. The average 
of the three blank determinations was used for calculating recovery 
of added glucose. The accompanying tabulation shows the in- 
dividual blank determinations and the percentage recoveries of 
added glucose. 











a “Oe Skin glucose Recovery of added glucose 
eh Be mg. percent per cent 
I 133, 141, 139, average 137.7 104, 103, 98, 105 
II 161, 158, 162, “ 160.3 111, 98, 99, 105 
Ill 160, 165,158, “ 161 102, 94, 97, 92 
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In samples of skin incubated at 37.5° with normal saline and 
2 per cent NaHCO; solution, significant changes in the reducing 
values were not observed in tissues incubated less than 1 hour. 
From these experiments we may conclude that slight delay in the 
preparation of skin samples does not result in increased reducing 
values. Incubation for 2 hours resulted in slightly increased 
glucose values (increases of 20 to 40 mg. per cent). Addition of 
20 mg. of glycogen to the incubating tube containing 100 mg. 
of tissue resulted in marked increase of reducing substances after 
2 hours (70 to 150 mg. per cent). 


Taste III 


Comparative Determinations of Skin Glucose Made by Hagedorn-Jensen and 
Shaffer-Haritmann Methods* 





Glucose per 100 gm. tissue 








Hagedorn-Jensen Somogyi-Shaffer-Hartmann 
a mg. mg. 
120 104 
113 108 
84 63 
92 89 
lll 99 





* We are indebted to Mr. L. S. Smelo and Mr. F. M. Kern for the analyses 
by the Shaffer-Hartmann method. 





In two experiments in which samples of skin were frozen in 
liquid air, ground, and the reducing substances determined after 
extraction of the ground tissue for 3 minutes in the ZnSO,-NaOH 
mixture, comparison with the glucose values obtained on sliced 
skin of the same animal prepared in the usual way revealed higher 
values in the frozen tissue. The differences were 18 mg. per cent 
in one experiment and 32 mg. per cent in the other. The higher 
values from ground tissue which had been frozen may have been 
due to extraction of non-glucose reducing material. 

An effort was made to compare the Hagedorn-Jensen method as 
used with skin with another of the commonly used procedures for 
the determination of glucose. We attempted tungstic acid pre- 
cipitation as employed by Folin, Trimble, and Newman (5) on 
human and dog skin. Using rabbit skin, we obtained precipitates 
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with this method that could not be removed by filtration in most 
instances. When sufficient filtrate was obtained for a Shaffer- 
Hartmann determination, the results were highly variable but 
were most commonly very low, under 10 mg. per cent of glucose, 
Somogyi filtrates for comparative determinations by the Shaffer- 
Hartmann technique were obtained in a manner similar to that 
employed by Bischoff and Long (4) in glucose determinations 
on muscle. When filtrates of skin which had been extracted in 
distilled water for 1 hour were used, rubbery precipitates were 
often obtained which made filtration at times impossible. A 
shorter extraction time of 15 minutes gave satisfactory filtrates. 
Determinations of glucose by the Hagedorn-Jensen method and 
the Somogyi-Shaffer-Hartmann method on skin from the same 
animal are recorded in Table III. It will be observed that in all 
instances the Shaffer-Hartmann values are below the Hagedorn- 
Jensen values. It is interesting to note that when blood is ana- 
lyzed by these two procedures the same relations are obtained. 


SUMMARY 


Determinations of the skin glucose in amytalized rabbits and 
guinea pigs by the Hagedorn-Jensen technique indicate that (1) 
extraction of sliced skin for 3 minutes in the ZnSO,-NaOH mixture 
at 100° is sufficient to extract all of the glucose; (2) no appreciable 
amount of the non-glucose reducing substances is extracted in 
this time; (3) increases in reducing materials obtained with in- 
creased extraction times are due to non-fermentable reducing 
substances; and (4) recovery of added glucose is satisfactory. 
Similar skin glucose values are obtained with the Hagedorn-Jensen 
and Somogyi-Shaffer-Hartmann procedure. 
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CHANGES IN THE BLOOD CALCIUM AND PHOSPHORUS 
PARTITION DURING THE LIFE CYCLE OF 
THE CHICKEN 


By V. G. HELLER anp HENRY PAUL 
(From the Department of Agricultural Chemistry Research, Oklahoma Agri- 
cultural Experiment Station, Stillwater) 


anp R. B. THOMPSON 


(From the Poultry Department, Oklahoma Agricultural Experiment Station, 
Stillwater) 


(Received for publication, June 4, 1934) 


The inorganic calcium and phosphorus content of the blood 
serum has been of interest in mineral metabolism studies for many 
years. With an increased knowledge of the importance of these 
ions in certain deficiency diseases, numerous investigations have 
been made of the calcium-phosphorus ratios existing in these con- 
ditions. In nutritional disturbances in chickens an even greater 
problem is presented due to the occurrence of various bone mal- 
adies not recognized in mammals and for which no satisfactory 
explanation has been offered by the calcium-phosphorus balances. 
It, therefore, becomes necessary to seek further explanation of 
these conditions. In a previous article from this laboratory (1), 
it was reported that the phosphorus content of the blood of the 
fowl is peculiar in that it is much greater than that of mammals 
and the inorganic phosphorus content of the serum, as usually 
determined, composes only a small part of the whole. The theory 
was offered that other fractions possibly contribute to bone forma- 
tion as well as the inorganic phosphorus. In the case of the calcium 
content an equally unique condition exists. In mammals this 
ion changes very little throughout the life cycle but in fowls the 
calcium increases over 100 per cent at the time of egg production. 
The fact that the total calcium content consists of several fractions 
has been reported by Benjamin and Hess (2), by Correll and 
Hughes (3), and by this department (4). The possibility that 
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changes may occur in some of the fractions which would not be 
indicated by the usual determinations has suggested a partition 
study throughout the complete life cycle of the hen. 


EXPERIMENTAL 


300 white Leghorn chickens of the same strain and age were 
secured from the college Poultry Department. These were placed 
in brooders, and from this group two lots of 50 healthy female 
chickens were selected, placed in pens, and fed an all mash ration 


composed of cereal grains supplemented with animal and vegetable’ 


proteins, vitamins, and adequate amounts of calcium and phos- 
phorus in the postulated correct proportions. Analyses of the 
rations showed the protein, calcium, and phosphorus percentages 
to be 17, 1.21, and 0.776, respectively. Records of food consump- 
tion, growth curves, and frequent examinations were made so that 
none but healthy, active birds were kept in the lots. 

The blood was drawn in all cases by heart puncture. For 
phosphorus determinations it was delivered into chilled oxalate- 
coated flasks and separated into plasma and cells by immediate 
centrifuging according to methods described in a preceding article 
(5). This procedure was followed because it has been demon- 
strated that there are changes in the phosphorus fractions if the 
serum is secured by slow coagulation. The method of analysis 
was similar to that outlined in a previous publication (1). The 
blood for calcium studies was similarly drawn but permitted to 
coagulate. The serum so obtained was analyzed by the methods 
outlined by Benjamin and Hess (6). 

These analyses were repeated once a month or oftener beginning 
at the time the chickens were 1 month of age and continuing 
through the periods of growth, egg production, and subsequent 
molting. The results, which are graphically illustrated, present 
interesting and surprising data which demonstrate that the usual 
determination of only the inorganic calcium and inorganic phos- 
phorus contents of the serum fails to present a true picture of the 
changes taking place in the blood of the fowl. 

In Chart I are curves showing the fractions of phosphorus de- 
termined both in the cells and plasma throughout the experimental 
period. These percentages have been calculated in terms of 
parts of the total blood content and are represented as ordinates 
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in the figure. The abscissa divisions show ages in terms of months. 
It will be noted that there is a gradual increase in the total phos- 
phorus for the first 5 months and then a rapid rise at the time of 


Phosphorus per 100 ml. 


Mg. 





Age in Days 


Cuart I 


production, this high level being held during the entire production 
period with some fluctuations and dropping quickly as production 
ceases and molting season approaches. This condition is true for 
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total phosphorus of both cells and plasma. An examination of 
the other fractions reveals that this increase is due to the lipid 
fraction of both cells and plasma, while the inorganic and acid- 
soluble fractions remain rather fixed at all ages. We have pre- 
viously called attention to the fact that this inorganic fraction, 
which is usually used in blood studies, does not give the true picture 
of phosphorus conditions. An examination of the above data re- 
veals that the fraction which is responsible for changes must be the 
more complex lipid fraction. Had the inorganic fraction only been 
determined, as is the usual custom in making such studies, little 
noticeable change would have been observed throughout the entire 
life cycle, yet certain profound changes must have been taking 
place to cause the fluctuations as indicated by the lipoid phos- 
phorus curves. These findings are somewhat contradictory to the 
theory often expressed that the inorganic fraction is responsible 
for calcification. Possibly the lipid could be considered as a storage 
form, but the quick changes occur so nearly at the same time as 
egg production that this theory is difficult to explain. 

The blood for calcium studies was also obtained by heart pune- 
ture but was delivered into chilled flasks where it was permitted 
to coagulate normally. After 2 hours the coagulum was broken 
up and placed in tubes and the serum separated by centrifuging. 
The method of making calcium distribution determinations as 
outlined by Benjamin and Hess (6) was followed in detail. 

The samples for analysis were obtained every 2 weeks from the 
time the chickens were 4 weeks old until they had passed through 
production and into the molting stage. It is apparent that the 
total calcium varies from 12 or less mg. per 100 ml. of serum for 
non-laying chickens to 24 mg. for laying hens. 2 weeks after 
production had started the total calcium was still rising slowly, 
as is illustrated in Curve 1 of Chart II. Curves 2 and 3 for protein- 
bound and total adsorbable calcium show the same general trend. 
However, when the total adsorbable calcium is divided into its 
components, the non-filtrable adsorbable calcium (Curve 5) and 
the filtrable adsorbable calcium (Curve 4), it is found that marked 
changes are taking place. The non-filtrable adsorbable complex 
is not present in significant quantities in the young hen, but makes 
its appearance about 8 weeks before egg production begins, at 
which time about 2 mg. per 100 ml. are present. At the time of 
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production this value ascends rapidly to over 8 mg. The converse 
is true of the filtrable adsorbable calcium, the degree of variation 
being much less, which drops from 6 to less than 4 mg. per 100 ml. 


Calcium 


filterab Calci 


Mgs. Calcium per 100 ml. 





150 170 190 320 340 360 
Age in Days 


Cuart II 


(Curve 4). Curve 6 shows only a slightly upward trend for the ionic 
fraction with values varying from 2 to 4 mg. From these results 
it appears that the non-filtrable adsorbable complex form of cal- 











362 Blood Ca and P in Chicken 


cium is the most closely associated with the process of egg-shell 
formation and it must be the fraction which is physiologically 
active and therefore responsible directly or indirectly for the larger 
portion of calcium used in egg production. If this fraction is the 
one that contributes to shell production there is evidence that it 
may also contribute to various forms of ossification. Again, as in 
the case of the determination of total inorganic phosphorus of the 
blood serum, the inorganic calcium as commonly determined does 
not fully picture all the changes taking place in the animal so that 
the determination of various fractions would better picture condi- 
tions accompanying malformation of bone. 

The error is not as noticeable as with the phosphorus, however, 
as the inorganic calcium of serum measures practically all the 
calcium of the blood, since the cells are almost devoid of calcium 
and practically all forms are transformed into and accounted for 
by the usual method of determining inorganic calcium. This is 
not the case with phosphorus, as more phosphorus is present in 
cells than in serum and any hemolysis taking place causes the 
serum to be contaminated by the phosphorus of the cells. Fur- 
thermore, the common method of determining inorganic phos- 
phorus accounts for only a small part of that present in plasma, 
as was more fully explained in previous articles. 


Studies of Osteoporotic Chicks 


An abnormal condition, often encountered in chicks kept in 
brooders, referred to by poultrymen as hock disease, porosis, or 
slipped tendons, and thought to be due to a deficient or un- 
balanced diet, has been extensively studied in this country. The 
symptoms in certain respects resemble those of rickets; conse- 
quently, many attempts have been made to diagnose this condition 
by blood and bone analyses as has been done in the study of 
rickets. 

Many calcium and phosphorus ratios and distributions have 
been made in this laboratory during the past 3 years. It was 
found necessary to make the determinations reported in the first 
section of this paper due to unexplained changes in the blood 
analyses of the normal group. It having been established that 
there are normal changes taking place, caused by age, sex, and 
other factors, calcium and phosphorus distribution studies were 
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made of groups of normal and osteoporotic chickens of definite sex 
and age, using methods previously mentioned. The averages of 
five or more sets of analyses are presented in Tables I and II. 
Table I lists the calcium distribution of the blood of normal and 
osteoporotic chickens of the same age and origin. A comparison 
of the two sets of analyses is of interest because the total calcium 
contents of the serum of the two are apparently similar, although 
changes are noted in certain fractions. These changes are sig- 


TABLE I 
Calcium Distribution of Blood of Normal and Osteoporotic Chickens 





Ca per 100 ml. serum 





Group of chickens 


Adar Adsorba- | Adsorba- | Jonised 

















Protein- 
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mg. mg. mg. mg. mg. mg. 
SR oa 4.5 304653 00 15.1 2.9 8.5 2.0 6.5 3.7 
Osteoporotic.........| 14.0 2.9 7.6 4.4 3.2 3.5 
TaBLe II 


Phosphorus Distribution of Blood of Normal and Osteoporotic Chickens 
Values are given in mg. of P per 100 ml. of blood. 
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nificant because the same trends are displayed by individual dis- 
tributions within each group. 

While the methods have not had sufficient application to make 
positive statements as to their value in predicting the occurrence 
of this malady, it is believed that information obtained by such 
analyses may be used in making changes in the rations in order 
to eradicate such conditions. 

Table II presents the average phosphorus distributions of the 
cells and plasma of normal and abnormal 8 week-old chickens. 
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In general, statements made in regard to the calcium distributions 
hold for the phosphorus data, except that in the case of the phos- 
phorus analyses the changes are observed in the totals and there 
are small changes in the inorganic fraction of the plasma, the only 
determination ordinarily made in most laboratories. It is believed 
that with the accumulation of such data, there will be found a close 
correlation between phosphorus and calcium partitions and ab- 
normal bone developments. 


SUMMARY 


1. Analyses of complete calcium and phosphorus distribution in 
chicken blood have been made at regular intervals throughout the 
life cycle of the chicken. 

2. It has been observed that there are definite changes not only 
in the totals but in certain partitions at various periods. 

3. The variations in different fractions are not proportional, 
the adsorbable filtrable calcium decreasing at the time of egg 
production, while the other fractions greatly increase. 

4. The totals for both calcium and phosphorus show pronounced 
increases at the time of egg production and return to former levels 
at molting time. 

5. Comparison of the distributions of the blood of normal 
chickens and of those afflicted with osteoporosis reveals a sig- 
nificant tendency toward regular changes in certain fractions of 
both calcium and phosphorus, indicating the possibility of cor- 
relating such analyses and ossification. 
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RELATION OF DEPOT FAT TO EGG YOLK FAT IN 
LAYING HENS 


By H. J. ALMQUIST, F. W. LORENZ, anp BEN R. BURMESTER 


(From the Division of Pouliry Husbandry, University of California College 
of Agriculture, Berkeley) 


(Received for publication, June 5, 1934) 


It has been shown by Henderson and Wilcke (1933) that a fat- 
soluble dye (Sudan III), deposited in the fat reserves of laying 
hens, is not redeposited in the yolk fat under normal conditions. 
Lorenz, Almquist, and Hendry (1933) have shown that the Hal- 
phen test, which is characteristic of malvaceous fat, can be 
obtained from the yolk fat of eggs from hens which have eaten mal- 
vaceous plants, or products of these plants containing crude mal- 
vaceous fat (such as cottonseed meal or mallow (Malva parviflora) 
seed). 

Cruickshank (1932) has reported that the iodine number of 
yolk fat and depot fat of hens may be raised by feeding a fat of a 
high iodine number. When fats of a low iodine number are fed, 
however, the depot fat of hens is decreased below normal, while 
that of the yolk fat is not correspondingly decreased below a 
normal value. In these respects it is evident that body fat and 
yolk fat do not follow the same metabolic paths. Fat deposits 
from different parts of a bird were found to be very similar in 
respect to the iodine number. 

The following experiments were undertaken in an attempt to 
obtain further evidence on the possible utilization of depot fat in 
the formation of yolk fat, particularly from the standpoint of the 
fat-soluble substance which produces the Halphen test. The test 
for this substance is probably more sensitive than observations of 
dye color. In addition, it is believed that the Halphen test sub- 
stance is an unsaturated fatty acid (Kuhn and Bengen, 1906). 
It can, therefore, be expected to follow the normal course of fat 
metabolism as well as, or better than, a foreign dye. 
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EXPERIMENTAL 


Single comb white Leghorn pullets, hatched on the same date, 
were raised in batteries to 136 days of age, then transferred to an 
outside pen. Two birds were killed at this time and examined for 
the size of their ova, which were found to show no signs of growth 
preparatory to laying. 

At the age of 152 days, seventeen pullets were leg-banded and 
placed on an all mash feed containing 1 per cent of crude cotton- 
seed oil. This feed gave astrong Halphen test when tested according 
to the procedure in the “Official and tentative methods of analysis” 
(1931). Interfering green pigments also extracted from the feed 
by ethyl ether were removed without impairing the Halphen test by 
filtering the ether extract once or twice through bone-black. 

At an age of 167 days, the seven most mature pullets were 
selected. Two of these were killed and the size of their ova deter- 
mined. In one bird, an ovum 3 mm. in diameter was found; the 
remaining ova from both birds were very small. The ovaries 
gave negative Halphen tests, while the abdominal fat deposits 
gave distinct positive tests. The remaining five birds were placed 
in laying batteries and given a feed containing no cottonseed oil. 
This feed gave a negative Halphen test. 

Halphen tests were made of the yolk fat of successive eggs laid 
by these birds until it was evident that the yolk fat was distinctly 
negative. Two pullets which had been on the cottonseed oil feed 
for a longer period of time were later added to this group. After 
the eggs of a given bird were found negative, the bird was killed and 
the ovary and abdominal fat removed for testing. Data from 
this group of birds are given in Table I. 

Halphen tests of ovaries and yolks were made by allowing the 
wet material to stand overnight, or longer, with several volumes 
of ethyl ether (preferably alcohol-free). The clear extract was 
decanted off, and the ether evaporated on the water bath. To the 
residue were added 5 cc. of a 1 per cent solution of sulfur in carbon 
disulfide, and 5 cc. of isoamyl aleohol. The mixture was warmed 
gently at first and then heated for at least an hour in a saturated 
calcium chloride bath. When performed in this way, the test 
was found to develop a distinct pink tinge with amounts of cotton- 
seed fat (the same fat as used in the feeds) as small as 1 part in 
2500 parts of wet yolk, or approximately 1 part of cottonseed fat 
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in 800 parts of ether-soluble yolk fat. Control mixtures having no 
cottonseed fat were negative to the test. For convenience and 
greater sensitivity, eggs were usually tested in groups of three. 

At an age of 209 days the remaining birds in the outside pen, 
which were still being fed the cottonseed oil mixture, were operated 
upon, and all ova larger than } inch in diameter removed. Eggs 
present in the oviduct were forced out. All of these birds had 
previously laid eggs giving positive Halphen tests, except for one 
border line case (Hen C-435). The ova removed by operation 
gave positive Halphen tests in every case. The birds were then 
given an all mash feed containing no cottonseed fat and having a 
negative Halphen test. Three of these birds laid eggs 12 days 
after the operation, while the last bird resumed production in 25 
days. All eggs laid after the operation were negative. The birds 
were subsequently killed, and the ovaries and abdominal fat re- 
moved and tested as before. 

Two birds of this second group were placed on a fat-free diet 
consisting of the usual all mash feed, which had been thoroughly 
extracted with ethyl ether. Vitamins A and D were restored to 
this feed by the use of ground medicinal cod liver oil concentrate 
tablets. Because of the dusty nature of this extracted feed, it was 
given to the birds at the rate of 100 gm. per bird per day, with 
sufficient water to make it similar toa wet mash. This experiment 
was made in an effort to cause a partial withdrawal of body fat 
for the formation of yolk fat. The eggs produced in this period 
(14 days) were negative to the Halphen test, as before. Data 
obtained in these experiments are summarized in Table II. 

In certain cases, all other fat deposits were removed from the 
birds and found to give approximately the same response to the 
Halphen test as the abdominal fat. The results obtained with 
abdominal fat can, therefore, be regarded as representative of all 
depot fat. 


Results 


Hens C-429 and C-437 began laying 4 to 6 days after the feeding 
of the cottonseed oil mixture had been discontinued. The first 
eggs laid by these hens gave positive Halphen tests but tests on 
subsequent eggs soon became negative. Birds which started 
laying 21 to 54 days after removal of the cottonseed oil mixture 
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produced only yolks which gave negative tests. The yolks of 
eggs laid by Hens C-429 and C-437, which gave positive Halphen 
tests, were probably in the stage of rapid growth while these birds 
were still on the cottonseed oil feed. In all except one case 
(Hen C-441), positive tests were obtained from the abdominal fat 
when the bird was killed. The complete ovaries gave negative 
tests in every case. 

All birds that were kept on the cottonseed oil feed until laying 
had started produced eggs which gave positive tests. When 
stripped by operative procedure of all maturing yolks larger than 
} inch in diameter, and no longer fed the cottonseed oil, they con- 
sistently produced eggs with yolks giving negative tests. In six of 
these birds the abdominal fat gave strongly positive Halphen tests 
at the end of the experiment. All complete ovaries tested gave 
negative tests. One bird (Hen C-435) laying eggs which gave a 
doubtful test (indicated by +) before operation, was also found 
to have a doubtful test in the abdominal fat when killed. There 
is, probably, a variation in the ability of different hens to deposit 
the Halphen test substance. The abdominal fat of Hen C-433, 
one of the birds kept on the fat-free diet, also gave a doubtful 
test. The abdominal fat of Hen C-440, the remaining bird on the 
fat-free diet, gave a strong positive test. 

The failure of the Halphen test substance to appear in yolk fat 
of birds which were on a fat-free diet for 14 days is of particular 
significance. The increased metabolic difficulty imposed on these 
birds in the necessarily increased synthesis of yolk fat from carbo- 
hydrate and protein might have been expected to cause a partial 
employment of reserve body fat for the formation of yolk fat. 
However, such does not appear to be the case. Hen C-433 laid 
six eggs during this period, while Hen C-440 laid eight eggs; hence 
production was maintained at a satisfactory rate. 

It is difficult to estimate the extent of dilution of the Halphen 
test substance when it is incorporated in depot fat, and the further 
dilution which may result if it is transferred from depot fat to 
yolk fat. The extreme sensitivity of the test indicates, however, 
that very little, if any, of the Halphen test substance in depot fat 
is involved in the formation of yolk fat. This agrees with the 
results of Henderson and Wilcke (1933) with Sudan III. 

There seems no reason to believe that a special mechanism 
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exists by which depot fat is freed from materials, such as Sudan IIT 
and the Halphen test substance, when used in forming yolks, since 
food fat is not similarly affected. These results strongly imply, 
therefore, that depot fat is not utilized in the formation of yolk fat. 

The fact that three of the birds operated upon resumed produc- 
tion in 12 days is of particular significance in regard to the mini- 
mum time required to complete the formation of a yolk. Whether 
the longer time taken by the other birds was due to a slower rate 
of formation of yolk material, or to a slower recovery from the 
effects of the operation, cannot be decided. 


SUMMARY 


1. The fat-soluble substance responsible for the Halphen test 
is deposited in the depot fat and yolk fat of hens eating malvaceous 
plants, or products of these plants containing crude malvaceous 
fat. 

2. When yolks present at the time of ingestion of malvaceous 
fat are removed by normal laying or by operative procedure, a 
positive Halphen test is not obtained in subsequently formed yolk 
fat, although the test may remain strongly positive in depot fat. 

3. Depot fat is not utilized, to any important extent, in the 
formation of yolk fat. 
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The following experiments were undertaken in order to extend 
our knowledge of the chemistry of tuberculin. Studies of the 
absorption spectra of various tuberculin fractions in ultra-violet 
light were made, since the spectral test is known to be more 
sensitive in many cases than are analytical methods, and since 
such studies have proved to be of great value in investigations on 
the biologically active vitamins, insulin, etc. Because only 
reasonably pure substances can be studied by this method, the 
purified tuberculin products of protein nature prepared by Seibert 
and Munday (1, 2) were used. 

Preparations Studied—Nine tuberculin preparations made from 
the human type tubercle bacillus, one each from bovine and avian 
bacilli, and one from each of the following non-pathogenic acid- 
fast bacilli, butyricum, smegma, and timothy, were studied. All 
of these products, except six in the case of the human type bacillus, 
were made by the method described by Seibert and Munday (1), 
which consisted, briefly, in washing and concentrating by ultrafil- 
tration the culture filtrates from synthetic media, precipitating 
with trichloroacetic acid, washing extensively with the acid, and 
then removing the acid by means of large quantities of ether, 
which simultaneously dehydrated the precipitate to powder form. 
Three preparations (OTT, SOTT-4a, and SOTT-M-2) were made 
by this same method, except that a heated tuberculin, Koch’s 
“old tuberculin,” or an OT made on synthetic medium, was used 

* Parts of this paper have been presented before the meeting of the 
Federation of American Societies for Experimental Biology at New York, 
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as the source of the material. Two other preparations (M-9 and 
B-56) were made by precipitating the tuberculin protein by half 
saturation with ammonium sulfate (2), reprecipitating in this man- 
ner once in one case and four times in the other, and finally dialyz- 
ing. Another product (SOTTA) was made by combining the 
ammonium sulfate and trichloroacetic acid methods, precipitating 
SOTT-4a with ammonium sulfate, redissolving the precipitate in 
water, reprecipitating with trichloroacetic acid, washing with the 
acid until free of sulfate, and finally with ether to remove the 
acid. In addition to these tuberculin preparations, many other 
substances, which will be mentioned later, were studied during 
an attempt to identify the substance giving the special absorp- 
tion band. In all, 360 spectrograms form the basis for the con- 
clusions in this paper. 


Apparatus and Methods Used 


Solutions for spectral studies were made so that 1 cc. contained 
10 mg. of a product and also 0.88 mg. of sodium hydroxide. 
Spectrograms were made of the preparations at concentrations 
ranging from 0.5 to 0.06 per cent. The hydrogen electrode was 
used for determining the pH of the solution. 

The small Hilger quartz spectrograph which was used contained 
an internal wave-length scale that had been rechecked with the 
spectrum of a mercury-quartz lamp. The source of light was a 
clock-fed carbon are lamp. Carbon B (National Carbon Com- 
pany) containing iron provided the spectrum. Control tests were 
made with carbon C containing iron, nickel, aluminum, and 
silicon. A shutter permitting exposures of 0.04 second and less 
was used with the Wratten and Wainwright M plates. The 
quartz cell was 5 mm. in diameter. 

The potency of preparations was determined by means of the 
Mantoux test and in some cases by the killing power in tuberculous 
guinea pigs. Some products were also tested on human beings. 

Analyses for phosphorus content of different preparations were 
made by the Fiske and Subbarow method (3). 


Results 


The spectrographic analyses gave the following results. In the 
products made from the non-pathogenic bacilli, timothy, butyri- 
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cum, and smegma, no special absorption band (Fig. 1) was present. 
All preparations made from human type tubercle bacilli, except 
two (M-9 and SOTTA), showed a selective absorption between 275 
and 252 my, with an average maximum at 267 to 265 mu, in addi- 
tion to end-absorption (Fig. 2). 











i i 1 B i i 











wave-length 290 280 2170 260 250 240 


Fic. 1. Spectral absorption. curves of various tuberculins. Curve I, 
TPT from bovine tubercle bacillus; Curve II, TPT from timothy bacillus; 
Curve III, OTT from “‘old tuberculin; Curve IV, TPT from avian tubercle 
bacillus. 


The preparations from the avian and bovine tubercle bacilli 
showed special absorption bands at the same wave-lengths as the 
human bacilli products, but in the case of the avian there was only 
a trace at the highest concentrations, whereas the bovine fraction 
compared closely with the human (Fig. 1). 

In many cases the tuberculin skin potency of the preparations 
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seemed to parallel the presence of the absorption band (Table I 
and Figs. 1 to 3). Note especially the trace of absorption by the 
avian fraction compared with its low degree of potency, the high 
degree of both potency and absorption of the bovine preparation, 
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wave-length 280 ato 260 250 240 


Fig. 2. Spectral absorption curves of various tuberculins from human 
type tubercle bacillus. Curve I, SOTT-4a, purified from synthetic ‘old 
tuberculin’ by trichloroacetic acid method; Curve II, TPT-13, purified 
from unheated tuberculin by trichloroacetic acid method; Curve III, M-9, 
prepared by ammonium sulfate method; Curve IV, SOTTA, prepared from 
SOTT-4a by ammonium sulfate method. 


and the relative potency and absorption of SOTT-4a in compari- 
son with TPT-8. SOTT-4a, which showed the special absorption 
band in half the concentration required by TPT-8, had twice the 
potency of the latter. Similarly TPT-8c which had been made (4) 
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by heating TPT-8 with alkali, lost half of its potency and showed 
a corresponding decrease in selective absorption. 

Nevertheless, since two fractions from human type tubercle 
bacilli, M-9 and SOTTA, showed no special absorption bands and 
yet were no less potent than those showing the spectral absorption, 
it is evident that this property of absorbing light selectively does 
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wave-length 29 280 210 260 260 240 


Fig. 3. Spectral absorption-curves of products isolated from the human 
type tubercle bacillus. Curve I, TPT-8, tuberculin purified by trichloro- 
acetic acid method; Curve II, nucleic acid; Curve III, SOTT-4a after 
irradiation for 10 hours. 


not belong to the active principle, but rather to an accompanying 
substance, which can be removed. In fact, in preparing SOTTA, 
the attempt was deliberately made to remove such a light-absorb- 
ing substance from SOTT-4a by using the method which had 
apparently succeeded in rendering M-9 free from spectral absorp- 
tion. Therefore, combination of trichloroacetic acid and ammo- 
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nium sulfate precipitation effects an improvement in the purification 
methods of tuberculins. 


Identification of Substance Giving Spectral Absorption 


In an endeavor to determine the nature of this accompanying 
substance, the spectrographs of a great many compounds were 
studied under exactly the same conditions of concentration and 
alkali content. In this way the following substances were elimi- 
nated from consideration: phenol, which had been temporarily in 
contact with most of the preparations; glycerol, used in the culture 
medium; acetone, a possible intermediary metabolite; and the 
pigment phthiacol, isolated by Anderson and Newman (5) 
from tubercle bacilli. 

Obviously it was important to determine whether the selective 
absorption of the tuberculins was due to some protein-like sub- 
stances or protein derivatives, since most of the latter do show 
special absorption bands. Although the spectra of most of the 
substances studied are well known, we examined them again in the 
presence of the same amount of alkali as was used in the tuberculin 
solutions, since alkali is known to shift absorption spectra. Pseu- 
doglobulin was found to absorb light selectively at a different wave- 
length (289-276 my) and at a much higher concentration than did 
the tuberculins, and proteoses from Witte’s peptone showed no 
selective absorption. The spectra of phenylalanine, which accord- 
ing to Tamura (6) is found in large quantity in the tubercle bacillus, 
of tryptophane, the concentration of which Kallés and Hoffmann 
(7) used as a measure of the potency of tuberculin, of lysine, found 
to be a cleavage product of tuberculosamine by Ruppel (8), of 
tyrosine, histidine, proline, and arginine, all proved to be entirely 
different from that found in the tuberculin fractions. 

Ruppel (9) had shown that the tubercle bacillus contained a 
nucleic acid which Johnson and Brown (10) later demonstrated to 
correspond chemically to thymus nucleic acid. Since the nucleic 
acids and related compounds are known to give marked selective 
absorption, a study of such compounds was made under the con- 
ditions of the present experiments. The similarity of the absorp- 
tion spectrum of thymus nucleic acid derived from fish sperm and 
that of some of the tuberculin preparations was remarkable. The 
nucleic acids isolated from the human, avian, and bovine tubercle 
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ion TaBLe II 
Characteristic Wave-Lengths of Spectrograms of Nucleic Acids and Their 
Constituent Pyrimidines 
Thymine Cytosine 5-Methyleytosine 
ng = 
§ § § 
- # |$f| ($8) = |$8) /$8| & 188) | 8% 
| LB) elH) GH EHH 
ni- = 35 i é ca 
; Oo |S |e ie | 6 je {als} o je jeje 
= per cent per cent per cent 
-_ 0.027 312 0.025 286 0.05 294 
he 0.02 | 251 | 289 | 270 | 0.018 | 251 | 282 | 268 \o.0375 | 254 | 289 | 270 
5) 254 253 254 
236 251 251 
ve 0.0135 | 251 | 289 | 270 | 0.0125) 251 | 273 | 268 |0.025 | 254 | 285 | 270 
b- 254 264 256 
236 247 250 
Ww 0.01 251 | 273 | 269 | 0.009 | 251 | 273 | 268 |0.01875) 254 | 273 | 270 
he 265 264 265 
he 231 236 240 
in 0.0067 | 251 | 273 | 269 | 0.0062 232 0.0125 236 
u- 265 
231 
e 0.005 | 251 | 273 | 269 | 0.0045 231 0.0093 234 
id 265 
no 228 
: Uracil Maman tqieesls jastiee Timothy baaes nucleic 
’ — a 
mn 0.034 298 0.06 287 0.06 285 | 
id 0.025 | 239 | 297 | 270 | 0.04 | 252 | 276 | 265 0.04 239 | 276 | 270 
of 243 254 | 243 | 
| 236 251 236 
y 0.017 | 239 | 276 | 265 | 0.03 | 251 | 273 | 267 |0.027 | (251) (273)| (267) 
254 . 264 (264) 
a 235 236 232 
to 0.0125 |(251)| 232 | 268 | 0.02 236 0.0235 231 
ie 0.0085 228 0.015 231 0.0135 228 
- 0.0062 227 0.01 231 0.01 228 
n- Parentheses indicate faint absorption. 
D- 
d bacilli and from the timothy bacillus, as well as the pyrimidines, 
e thymine, uracil, and 5-methylcytosine, all of which were generously 
le given to us by Dr. R. Coghill of Yale University, showed selective 
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absorption. (Table II.) There was a marked difference between 
the absorption bands due to the nucleic acid isolated from the 
human type tubercle bacillus and that from the timothy bacillus, a 
difference which was analogous to that found between thymine 
and uracil. This is in agreement with Coghill’s (11) finding that 
the nucleic acid obtained from the human type tubercle bacillus 
contains thymine, whereas that from the timothy bacillus contains 
uracil. Dhéré (12) had already pointed out that the absorption of 
a nucleic acid conforms to the absorption of its pyrimidines. 
The correspondence between the spectra of human tuberculin 
(TPT-8) and that of the nucleic acid isolated from the human 
type tubercle bacillus, even when the alkali content was varied, 
was very striking, as seen in Fig. 3, indicating that the substance 
responsible for the selective absorption in the tuberculin is nucleic 
acid or at least a pyrimidine derivative of the latter. Moreover, 




















Taste III 
Phosphorus Content of Several Tuberculins 
ee ee | Bovine Avian Butyricum| Timothy TPT-8 
TPT TPT TPT SOTT 
a 0.51 0.025 0.02 0.108 | 0.56 





the concentrations of the two solutions at which the bands appear, 
suggest that the nucleic acid is present to the extent of 10 to 12 
per cent in the tuberculin. This is significant in view of the find- 
ings of Osborne and Harris (13), viz. that nucleic acids (from wheat 
and salmon) are able to combine with up to 6 molecules of protein. 

Phosphorus, which is an easily detectable constituent of nucleic 
acids, was therefore determined in the case of most of the prepara- 
tions. These analyses showed some correspondence between 
content of phosphorus and spectral absorption, except in prepara- 
tion B-56 (see Tables I and III). On the other hand, the 
potency and content of phosphorus were not necessarily parallel. 
See especially fractions M-9 and SOTTA in relation to SOTT4a 
(Table I). 

The phosphorus data, therefore, like the evidence from the 
spectral absorption studies, support the idea that the substance 
in some tuberculin preparations responsible for absorbing ultra- 
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violet light selectively is nucleic acid or a derivative, and that it is 
possible, although difficult, to remove it without destroying the 
biological activity of the tuberculin. These findings supplement 
those of Ruppel (9) and Kallés and Hoffmann (7) as to the pres- 
ence of nucleic acid in tuberculin fractions, but do not support the 
statements of these authors and of von Behring (14), Kitajima 
(15), Rémer (16), and others that the potency is dependent upon 














Tasie IV 
Correlation of Tuberculin Potency with Degree of Irradiation 
D of ski : rs 
Dose | on both sides of come tubsvewious § 
Duration of irradiation | for guinea pigs <= Result of lethal 
at 15cm. skin & test 
test | Irradiated | Non-irradiated si 
sample control 5 
a mg. mg. 
TPT-8, 15 min. (0.0002) 5+, 5++ 5+, 5+ 2 | Died in 24 


0.0001; 5+, 5+ 5-6+, 56+ hours 
- 2 hrs. 0.0002) Trace, 2-3+)| 4+, 3+ 
0.0001) 2+, 45+ 4+, 5+ 








- .* 0.0002} 5-, 4+ 5+, 5+ 2 1 
0.0001) 5+, 5+ 5+, 5+ 
+. GY 0.002 | 1-2+,1+, | 56+, 56+, 3 | No reaction; 
1+, -,— | 56+, 56+, lived 
5-6+ 4 “ “ 
0.0002} 1+, 3+ 4+, 4+ 
0.0001; 24+, —, — | 4+, 454, 
3-4+ 
SOTT-4a, 10 hrs. 0.01 | —, —, —, —| 3-44, 4+, 
5+, 5-6+ 
0.1 ~ 5+ 














its presence. The results are in accord with findings of Long (17) 
and of Heidelberger and Menzel (18). 

The isolated purified nucleic acid from the human type tubercle 
bacillus is practically non-potent; 2000 times as much of this 
substance was required to produce a skin reaction in tuberculous 
guinea pigs as of the purified tuberculin fraction. This agrees 
fairly well with the results of Ruppel and Joseph (19). 


Effect of Irradiation on Selective Absorption and Potency 


The effect of irradiation with ultra-violet light upon purified 
tuberculin preparations was determined, since Fischer and Haus- 





a An aii Me Pl al tit es PEA 





a 


384 Analysis of Purified Tuberculin 


mann (20) had shown that the biological potency of OT, although 
resistant to heat, was destroyed in this manner. It was found 
that when the preparations TPT-8 in 0.1 and 1 per cent concen- 
trations and SOTT-4a in 1 per cent concentration were irradiated 
in a quartz-covered dish at a distance of 15 cm. from the quartz 
burner for 6 to 10 hours, the special absorption band was de- 
stroyed and the toxicity, as measured by the intradermic test and 
killing power in tuberculous guinea pigs (see Table IV and Fig. 3), 
was lost. The total absorption was increased, so that in inter- 
mediate stages of irradiation the absorption was similar to non- 
irradiated solutions of higher concentrations. Such augmentation 
of absorption in proteins after irradiation was described by 
Spiegel-Adolf and Krumpel (21), but no changes in absorption 
bands could be detected if protein cleavage was avoided. The 
loss of the special absorption band in the tuberculin fractions is 
consistent with the observations of Heyroth and Loofbourow (22), 
that irradiated uracil and related compounds lose their selective 
absorption. 


We wish to acknowledge our indebtedness to Dr. J. Fanz 
(Philadelphia) and Professor O. Krumpel (Vienna) for the loan of 
some apparatus, and for checking the spectrographic results. 


SUMMARY 


Ultraspectrographic investigations made on nine samples of 
tuberculin of human type tubercle bacilli have shown that all the 
preparations made by trichloroacetic acid precipitation contained 
a substance showing selective absorption with a maximum at 265 
to 267 mu. The substance giving this selective absorption could 
be identified by this spectral method with thymus nucleic acid. 
One tuberculin preparation made by repeated ammonium sulfate 
fractionation and another in which the same procedure was used 
on a trichloroacetic acid precipitate did not show any trace of 
nucleic acid spectrographically. The phosphorus content of these 
two preparations was markedly lower than that of the trichloro- 
acetic acid precipitate. The biological potency was not impaired 
by the removal of the substance giving selective absorption. 
According to these results it is concluded that thymus nucleic acid 
is not identical with the potent principle of tuberculin, as was once 
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maintained by certain investigators. On the other hand, there 
seems to be some kind of an association between the nucleic acid 
and the potent principle. Tuberculins made from different types 
of pathogenic acid-fast bacilli showed a close correspondence be- 
tween the biological potencies and their content of nucleic acid. 
No trace of nucleic acid could be detected by ultraspectrographic 
methods in preparations made from certain non-pathogenic acid- 
fast bacilli, viz. timothy, butyricum, and smegma bacilli. Pro- 
cedures diminishing or destroying the potency of tuberculins, such © 
as heating with alkali or irradiation with ultra-violet light, had a 
corresponding effect on the selective absorption. 
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A CONVENIENT SYNTHESIS OF dl-LYSINE 


By JOHN C. ECK anp CARL 8S. MARVEL 
(From the Chemical Laboratory of the University of Illinois, Urbana) 
(Received for publication, May 31, 1934) 


Lysine, d-a,e-diaminocaproic acid, is one of the amino acids 
which is essential for the animal diet. It can be isolated as the 
picrate from protein hydrelysates but even the best procedure is 
laborious and the amino acid is expensive. Four complete syn- 
theses of the dl-amino acid have been reported in the literature. 
Fischer and Weigert (1) obtained dl-lysine by a complex synthesis 
starting with y-chlorobutyronitrile but the yields were not good. 
Sérensen (2) used cyanopropylphthalimidomalonic ester as a 
starting material in his synthesis of lysine but the procedure was 
too complex for practical production of the amino acid. Von 
Braun (3) synthesized dl-lysine by a 7-step method from piperi- 
dine. His procedure is not satisfactory because of the difficulty 
in cleaving benzoylpiperidine to obtain a good yield of benzoyl- 
aminoamyl] chloride. Sugasawa (4) has more recently described 
a synthesis of dl-lysine from acrolein, but ten reactions are involved 
and, at best, the yields of final product are low, based on the start- 
ing material. 

A very convenient synthesis of dl-lysine dihydrochloride from 
cyclohexanone has now been devised. The steps involved in this 
synthesis are as follows: 


CH, 
CH, CH, ~ 
a, Pi CH: CO 
CH, CO CH: C==NOH | 
| | —| | > NH — 
CH; Fam CH; fe 
* ~. CH, CH; 
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CH, 
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C.H,;CONH(CH;),CHCO.H — HCI -'NH.(CH;)CHCO.H 


NH;2 NH; - HCl 
VI VII 


None of these reactions is distinctly new but the details of the 
various steps have been worked out so that it is now possible to 
obtain approximately 500 gm. of dl-lysine dihydrochloride from 
1000 gm. of technical cyclohexanone and no expensive reagents 
are needed in any stage of the synthesis. 

Cyclohexanone (I) was converted to the oxime (II) by the gen- 
eral procedure which Semon (5) has developed for acetoxime, 
The oxime may be prepared by the standard procedure (6) but, 
although the yields are better, the cost is increased because of the 
expense of hydroxylamine hydrochloride. The oxime was rear- 
ranged to 2-ketohexamethyleneimine (III) by Ruzicka’s (7) modi- 
fication of Wallach’s (8) method, and without isolation this 
lactone was hydrolyzed and benzoylated to give e-benzoylamino- 
caproic acid (IV). The conversion of e-benzoylaminocaproic acid 
to dl-lysine dihydrochloride was accomplished by the excellent 
method of von Braun (3). 


EXPERIMENTAL 


Cyclohexanoneoxime—In a 5 liter 2-necked, round bottomed 
flask fitted with an efficient mechanical stirrer and an 8 mm. glass 
inlet tube reaching to within 2inches of the bottom of the flask, were 
placed a mixture of 182 gm. (2.5 moles) of technical sodium nitrite 
(95 per cent) and 2 kilos of cracked ice. The flask was placed ina 
cooling bath containing an ice-salt mixture. A cold (—8°) solution 
of sodium bisulfite, prepared by saturating a solution of 143 gm. 
(1.35 moles) of anhydrous sodium carbonate in 600 cc. of water 
with sulfur dioxide was added to the reaction flask. While the 
temperature was held below 0°, a moderate stream of sulfur dioxide 
was passed into this solution until it was acid to Congo paper and 
then enough longer just to remove the dark color which appears 
just before the solution becomes acid. 

To this solution were added 196 gm. (2 moles) of technical cyclo- 
hexanone and 500 cc. of 95 per cent ethyl aleohol. The reaction 
mixture was heated on a steam bath to about 75° and then packed 
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in mineral wool so that it cooled slowly. Rapid stirring was 
maintained during about 48 hours. The solution was then cooled 
to room temperature and exactly neutralized to litmus with a 
50 per cent solution of sodium hydroxide. (This required about 
165 gm. of sodium hydroxide.) The solution was stirred and 
cooled during the neutralization. The oily layer was separated 
and the aqueous solution was extracted with two 200 cc. portions 
of ether. The oily portion and the ether extracts were combined 
and distilled from a modified Claissen flask under reduced pressure. 
The product boiling at 95-100° under 5 mm. pressure was chilled 
and washed with a small volume of low boiling petroleum ether 
to remove oily material which apparently was produced by a con- 
densation of cyclohexanone with itself. The yield of purified 
cyclohexanoneoxime, m.p. 86-88°, was 136 gm. (60 per cent of the 
theoretical amount). The quality of the oxime was very impor- 
tant, as a poor grade produced an inferior grade of e-benzoylamino- 
caproic acid and the remaining steps in the synthesis were unsatis- 
factory. 

e-Benzoylaminocaproic Acid—The rearrangement of the oxime 
had to be carried out in 10 gm. portions, as the reaction was violent. 
10 gm. of the oxime were placed in a 300 cc. Erlenmeyer flask and 
20 ce. of sulfuric acid (sp.gr. 1.783, prepared by mixing 5 volumes 
of concentrated sulfuric acid and 1 volume of water) were added. 
The flask was heated over a low flame until bubbles first appeared. 
The flask was set aside until the violent reaction, which lasted a 
few seconds, had subsided. The acid solutions from ten such reac- 
tions (100 gm. of cyclohexanoneoxime) were combined in a 5 liter 
flask and diluted with 2.5 liters of water. This solution was gently 
boiled for about 14 hours with about 5 gm. of decolorizing carbon 
(norit) in order to hydrolyze the lactam and to decolorize the 
solution. After this time the solution was filtered and exactly 
neutralized to litmus with 50 per cent sodium hydroxide solution. 
This usually required about 255 gm. of sodium hydroxide. The 
pale brown color which appeared on neutralization was then re- 
moved by boiling the solution for about } hour with about 5 gm. of 
decolorizing carbon. 

The filtrate was placed in a 5 liter round bottomed flask fitted 
with a mechanical stirrer and cooled in an ice bath. The solution 
was made alkaline by the addition of a solution of 55 gm. of sodium 
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hydroxide and then 94 gm. of benzoyl chloride were added drop- 
wise from a separatory funnel. During the benzoylation the reac- 
tion mixture was well stirred and the temperature was kept at 
about 10°. The mixture was stirred for about an hour after the 
last of the benzoyl chloride had been added and then filtered and 
placed in a 4 liter beaker. The cold filtrate was slowly acidified to 
Congo red by the addition of dilute hydrochloric acid (about 10 
per cent). The e-benzoylaminocaproic acid was collected on a 
suction filter and when quite dry was washed with two 100 ce. 
portions of low-boiling petroleum ether to remove any benzoic 
acid. The product was then dried in a vacuum desiccator over 
sulfuric acid. The yield of product melting at 77-80° was 150 
gm. (72 per cent of the theoretical amount based on the oxime). 

a-Bromo-e-Benzoylaminocaproic Acid (8)—An intimate mix- 
ture of 150 gm. of dry e-benzoylaminocaproic acid and 26.4 gm. 
of dry red phosphorus was placed in a 1 liter 3-necked flask 
which was provided with a separatory funnel, an air condenser 
which was connected through a calcium chloride tube to a 
water trap, and a mechanical stirrer. The reaction flask was 
surrounded by an ice-salt mixture and the stirrer was started. 
The stirrer had to be very powerful because the mixture became 
very viscous during the reaction. To the cold mixture 408 gm. 
of dry bromine were added dropwise from the separatory funnel. 
When all of the bromine had been added the cooling bath was re- 
moved and the reaction mixture was slowly warmed and finally 
heated in a boiling water bath until the bromine vapors practically 
disappeared. The hot mixture was poured onto cracked ice in a 
1 liter beaker and any excess bromine was reduced by passing in a 
slow stream of sulfur dioxide. The lumps of material were broken 
up to aid in the purification. The material which remained in the 
reaction flask was also treated with water and sulfur dioxide. The 
solid product was collected on a suction filter, washed with three 
50 ec. portions of water, and air-dried. The yield of bromo acid 
melting at 163-166° was 180 gm. (90 per cent of the theoretical 
amount). 

e-Benzoyllysine—A solution of 180 gm. of the bromo acid in 2 
liters of concentrated aqueous ammonia (sp.gr. 0.9) was allowed 
to stand for 2 days in a 5 liter flask. The solution was filtered 
to remove any suspended matter and the filtrate was evaporated 
to about 1 liter from a steam bath under reduced pressure. On 
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cooling, the first crop of crystals of e-benzoyllysine separated and 
this was collected on a suction filter and washed with about 100 cc. 
of alcohol and 100 cc. of ether. The aqueous filtrate from this 
portion was evaporated to dryness under reduced pressure and 
the residue was washed with two 100 cc. portions of water to re- 
move the ammonium bromide. The benzoyllysine was then 
washed with about 50 cc. of alcohol and 50 cc. of ether. 

The total yield of e-benzoyllysine melting at 268-270° was 100 
gm. (70 per cent of the theoretical amount). 

dl-Lysine Dihydrochloride—A solution of 100 gm. of e-benzoyl- 
lysine in a mixture of 600 cc. of concentrated hydrochloric acid 
(sp.gr. 1.19) and 400 cc. of water was boiled under a reflux con- 
denser for 10 hours. The mixture was cooled and the benzoic acid 
was removed by filtration. The filtrate was evaporated under 
reduced pressure from a water bath until a thick syrup remained. 
This syrup was transferred to a 1.5 liter beaker by means of about 
4 volumes of absolute alcohol. The alcoholic solution was cooled 
and 500 cc. of ether were added slowly while the mixture was 
stirred. The lysine dihydrochloride was collected on a suction 
filter. The yield was 75 gm. (85 per cent of the theoretical amount) 
of a product which melted at 188-190°. This product was ana- 
lytically pure lysine dihydrochloride. 


Analysis—CsHsO02N:Cl2. Calculated. Cl, 32.42 
Found. ** 32.61, 32.62 


SUMMARY 


The details for the synthesis of dl-lysine dihydrochloride from 
cyclohexanone have been described. The over-all yield in this 
process is between 22 and 23 per cent of the theoretical amount, 
that is, 1000 gm. of cyclohexanone will yield about 500 gm. of dl- 
lysine dihydrochloride. 
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THE ERGOT ALKALOIDS 


III, ON LYSERGIC ACID 
By WALTER A. JACOBS anp LYMAN C, CRAIG 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 13, 1934) 


The production of an acid CysHO2Ne, lysergic acid, by the 
alkaline cleavage of ergotinine has been described in a previous 
communication.' At the time we had commented on the failure 
to recover from the reaction mixture the base, ergine, which had 
been previously isolated by Smith and Timmis? by the action of 
methyl alcoholic alkali on ergotinine. We stated that this failure 


“might have been due to the fact that although it [ergine] could have been 
formed during the reaction in aqueous alkali it might have been further 
degraded to lysergic acid. In order to determine this point we have re- 
placed ergotinine in the above procedure byergine. Although a crystalline 
acid was obtained in small yield it appeared on analysis to be definitely 
different from lysergic acid. With the amount available it was possible 
to give it but preliminary study.” 


At the time we had also noted that ammonia was formed by the 
action of alkalionergine. Since then we have found that the sub- 
stance which we had obtained was a sparingly soluble sulfate of 
lysergic acid and the analytical figures secured with this material 
naturally caused confusion in the original attempt to demonstrate 
the formation of lysergic acid from ergine. 

In the meantime, Smith has written us that since their original 
communication on ergine, Timmis and he* have found that ergine 
does not possess the formula C,;H2,ON; originally derived by 
them, but CisH1;ON; and that it is the amide of an acid CisH w- 
O:N: doubtless identical with lysergic acid. Our recent results 


' Jacobs, W. A., and Craig, L. C., J. Biol. Chem., 104, 547 (1934). 
* Smith, S., and Timmis, G. M., J. Chem. Soc., 763 (1932). 
* Smith, S., and Timmis, G. M., Nature, 188, 579 (1934). 

393 





394 Ergot Alkaloids. III 


confirm this view and have demonstrated definitely that the acids 
obtained by the action of aqueous alkali on ergotinine and ergine 
are identical. 

In an earlier communication‘ we have reported the formation of 
p-nitrobenzoic acid and an acid C,,H,OsN during the oxidation 
of ergotinine with nitric acid. Since the latter contains still the 
N-methyl group of ergotinine, it was important to determine 
whether lysergic acid would yield thesameacid. On treatment with 
nitric acid under conditions similar to those formerly employed, 
no p-nitrobenzoic acid could be obtained and none of the above 
acid could be detected. However, a new acid has been isolated in 
exceedingly poor yield which on analysis gave figures from which a 
formula C,;HsOsN2 has been derived. It still contains the N- 
methyl group, and the formation of a deep red color in alkaline 
solution, which again changed back to a pale yellow on acidifying, 
suggests the presence of a nitro group. The costliness of the 
material has prevented its further investigation. 

It would appear that this acid may be related to that first ob- 
tained from ergotinine by the replacement of a carboxy] by a nitro 
group, and that in the formation of lysergic acid the bridge joining 
its precursor to the rest of the molecule in ergotinine may be rup- 
tured in a different way under the influence of alkali from that 
which occurs on direct oxidation with nitric acid and which leads 
to a carboxyl group. At this point in lysergic acid a nitro group, 
instead of a carboxyl group, could be introduced. It is not ex- 
cluded that the isobutyryl formic acid also produced by alkali 
may be involved in these considerations. We shall attempt to 
check such a possibility in a further study. 

Since lysergic acid is a nitrogen heterocyclic derivative, it was of 
interest to study its behavior towards sodium in amyl alcohol. 
This procedure resulted in the formation of a new crystalline sub- 
stance which still possesses acid and basic properties and is more 
stable than lysergic acid itself. From the analysis it appears to be 
a dihydrolysergic acid, CsHis02N2. This formula was confirmed 
by the formation of a methyl ester by the use of methyl] alcoholic 
hydrogen chloride. 

At this point it should be mentioned that the usual tests for a 


4 Jacobs, W. A., J. Biol. Chem., 97, 739 (1932). 















































W. A. Jacobs and L. C. Craig 395 


primary or secondary amine grouping made on the ester of lysergic 
acid have failed. Attempts to acetylate the ester or combine it 
with phenyl isothiocyanate were negative. When boiled in toluene 
solution with metallic sodium, the compound did not appear to form 
a sodium derivative. It seemed possible that in the formation of 
the dihydro derivative reduction of one of the double bonds in the 
ester might produce a secondary amine, but this did not prove to 
be the case. The ester of dihydrolysergic acid does not react with 
phenyl isothiocyanate or acetyl chloride, and boiling with acetic 
anhydride gave only unchanged ester. However, the methyl 
ester of lysergic acid gave methane easily in the Zerewitinoff test 
for active hydrogen. 

Finally, since lysergic acid contains one carboxyl group, it was 
of interest to investigate its behavior on dry distillation. When 
heated in a sublimation apparatus at 0.2 mm., a volatile base began 
to sublime when the bath reached 200° and attained a maximum 
at 250°. This base formed yellow leaflets and proved to be very 
unstable, so that during the attempts to recrystallize it decomposi- 
tion interfered. Although the analytical figures were not conclu- 
sive, the formation of the base by loss of CO, was suggested. Since 
the amount of material available is so limited, a further study 
of this substance has been deferred. 

Continued investigation of the degradation of lysergic acid is 
in progress. 

Thus far it is apparent that the ergotinine molecule is made up of 
distinct portions, and it is probable that in the interconnection of 
some of them amide linkages play aréle. These portions are repre- 
sented by lysergic acid, isobutyryl formic acid, and perhaps by a 
benzyl or related grouping and a still undetermined nitrogen hetero- 
eyclicgroup. The fact that these alkaloids on decomposition with 
alkali liberate apparently only 1 mole of ammonia (Soltys*) raises 
the question whether the inferred labile amide linkage occurs in 
the alkaloid itself as a CO-NH: group or a —CO-N-H-CO— 
group. Two different amides have been obtained by different pro- 
cedures from ergotinine, namely ergine and isobutyryl formamide. 
It is obvious that the CO-NH: groups in both of these cannot 
occur as CO-NH: groups together in the alkaloid molecule. 


’ Soltys, A., Ber. chem. Ges., 66, 553 (1932).: 
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EXPERIMENTAL 


Ergine—Ergine was prepared according to Smith and Timmis* 
and recrystallized from methyl] alcohol. 
The analysis was made on the air-dried substance. 


Ci6H:;70N;-CH;OH. Calculated. C 68.18, H 7.07, N 14.04 


Found. ** 68.40, “* 6.99 
= ** 68.49, “* 6.88 
as N 14.12 
“ oe 14.20 


Hydrolysis of Ergine—100 mg. of ergine were treated with 3 ce. 
of n sodium hydroxide and the mixture was heated on the steam 
bath in a nitrogen atmosphere for 80 minutes. The nitrogen gas 
from the reaction was passed through 10 cc. of 0.1 N sulfuric acid. 
On back titration 3.64 mg. of liberated ammonia were determined. 
The ammonia formed was identified by acylation with p-nitro- 
benzoyl chloride. The p-nitrobenzamide obtained melted at 198°. 

The aqueous alkaline hydrolysate contained 20 mg. of unchanged 
ergine as a suspension which was filtered off through a sintered 
glass filter. The filtrate was neutralized to Congo red with sulfuric 
acid. After chilling and filtering, 80 mg. of dark colored crystalline 
material were obtained. This was suspended in 2 cc. of methyl 
alcohol and treated with 2 drops of ammonium hydroxide. The 
filtrate on evaporation to dryness under diminished pressure yielded 
a residue which was digested a short time with 1 cc. of methyl 
alcohol and filtered. The undissolved portion was boiled with 7 
cc. of water and filtered hot. The filtrate on cooling in ice gave 
20 mg. of lysergic acid which melted at 238°. 


CysH1.O2Ne. Calculated. Cc 71.69, H 6.00, N 10.45 
Found. ** 71.66, “* 6.07 
« “71.82, “ 6.07 

™ N 10.58 

“ « 10.63 


For confirmation of its identity the methyl ester was prepared 
with diazomethane. After recrystallization from benzene it 
melted at 168°. 

Lysergic Acid Hydrochloride—100 mg. of lysergic acid were dis- 
solved in 4 cc. of dilute hydrochloric acid. After cooling the 
crystals which separated were collected with dilute HCl. When 
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recrystallized from methyl alcohol the product melted with decom- 
position at 208-210°, depending somewhat on the rate of heating. 
It was dried for analysis at 120° and 2 mm. 


CisHisO2.N2-HCl. Calculated. C 63.03, H 5.63, N 9.19, Cl 11.62 
Found. “ 62.93, “ 5.48, “9.31, “ 11.15 


Lysergic Acid Sulfate—100 mg. of lysergic acid were dissolved in 
8 cc. of hot water and a slight excess of dilute H.SO, was added. 
Upon cooling the sulfate separated as leaflets. It was recrystal- 
lized from 6 cc. of hot water. It melts with decomposition at about 
220°, depending somewhat upon the rate of heating. It was dried 
for analysis at 120° and 2 mm. 


(CyeHsO2N2)2-H2SO.. Calculated. Cc 60.54, H 5.40, N 8.82 
Found. ** 60.97, “ 5.47, “* 8.76 


Oxidation of Lysergic Acid with Nitric Acid—A number of experi- 
ments were performed but the following gave the best yield of the 
crystalline product. 

400 mg. of lysergic acid were treated with 16 cc. of HNO; (sp. gr. 
1.4) and the solution was placed on the steam bath for 20 hours. A 
clear red solution resulted, which was evaporated to dryness on the 
steam bath under reduced pressure. 10 cc. of water were added 
and the evaporation was repeated. This procedure was repeated 
twice in order to remove as much of the nitric acid as possible. 
The solid residue was boiled with 20 cc. of water and filtered after 
cooling. The filtrate was concentrated to approximately 1 cc. 
On long standing, leaflets gradually separated. The substance 
was collected with water. The yield was 10 to 12 mg. 

The substance, which proved to be an acid, was rather slightly 
soluble in water. Recrystallization was accomplished by dis- 
solving in a rather large volume of boiling water and concentrating 
toasmall volume. It separates in small yellow rhombs which do 
not melt at 350°. The alkaline solution is of a brownish red 
color which again becomes pale yellow on acidifying. 

In general properties it resembles closely the acid C14HyOsN 
obtained from ergotinine with the exception of the deep red color 
in alkaline solution. 
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CisHsOsN2. Calculated. C 48.75, H 2.51, N 8.75, NCH; 9.05 


Found. ** 48.80, “ 2.41 
Ws ** 48.80, “‘ 2.70 
Vs N 9.04 
"; NCH; 7.94 


Dihydrolysergic Acid—200 mg. of crystalline lysergic acid were 
suspended in 8 cc. of amyl alcohol and 400 mg. of sodium were 
added. The mixture was heated to the boiling point of the alco- 
hol and shaken vigorously during the reduction. It was kept at 
this point until the sodium was dissolved. After cooling, 8 cc. of 
ether and then 4 cc. of water were added. The mixture was 
saturated with carbon dioxide. It was evaporated to dryness 
under reduced pressure and 10 cc. of ethyl alcohol were added. 
After reconcentration the residue was extracted with 15 cc. of hot 
alcohol. The alcoholic extract yielded a residue which was dis- 
solved in 5 cc. of water. The solution was carefully treated with 
acetic acid which caused precipitation of dihydrolysergic acid. 
After collection with water 120 mg. of material were obtained 
which melted at 329°. 

When recrystallized from water it melts with decomposition at 
approximately 336°, depending somewhat on the rate of heating. 
The dihydro acid is a more stable compound than lysergic acid and 
colors only slightly in the light. It is less soluble in water than 


lysergic acid. 
[a]> = —88.0° (c = 0.5 in pyridine) 


CieH:sO2N2. Calculated. C 71.06, H 6.72, N 10.36 
Found. “ 71.24, “ 6.68, “ 9.78 
_ ** 70.85, “* 6.74 


Dihydrolysergic Acid Methyl Ester—When an attempt was made 
to prepare the ester with diazomethane in the same way in which 
lysergic acid methyl ester was prepared, the yield was very poor. 
A considerable amount of an amorphous by-product was formed. 
Methy] alcoholic hydrochloric acid proved to be the better reagent. 

50 mg. of dihydrolysergic acid were dissolved in 10 cc. of 4 per 
cent methyl alcoholic hydrogen chloride and allowed to stand at 
room temperature for 2 days. The solution was evaporated to 
dryness under reduced pressure on the steam bath and the residue 
was dissolved in 1 cc. of water. After precipitation with am- 








It 
st 








W. A. Jacobs and L. C. Craig 399 


monium hydroxide the solid was extracted with ether. The ether 
residue was recrystallized from benzene. The ester melts at 182°. 

It is insoluble in water but soluble in the usual organic solvents. 
It crystallizes from benzene in broad leaves but can also be recry- 
stallized from dilute alcohol. 


C,7H2902N>. Calculated. Cc 71.78, H 7.10, N 9.85 
Found. ** 71.58, “ 7.03, “* 9.78 
“71.81, “ 6.84 














THE SYNTHESIS OF PENTOCYSTINE AND HOMO- 
METHIONINE 


By VINCENT pu VIGNEAUD, HELEN M. DYER, CHASE B. JONES, 
AND WILBUR I. PATTERSON 


(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 


(Received for publication, June 8, 1934) 


The evidence that homocystine, which was first encountered in 
a purely chemical way (1), is actually involved in metabolism as an 
intermediary step in the metabolism of methionine has been ac- 
cumulating from various sources (2-6). Nevertheless, the ques- 
tion naturally arises as to whether the physiological behavior of 
homocystine such as its ability to support growth of animals on a 
cystine-deficient diet is non-specific in simply supplying sulfur in a 
utilizable form, or whether homocystine is more unique in bearing 
an actual metabolic relationship to methionine and possibly to 
cystine. If the former were true, then other disulfide amino acids 
might conceivably support growth. It was therefore thought 
desirable to synthesize homologues of cystine higher than homo- 
cystine in order that their action and fate in the body might be 
compared with that of cystine and homocystine. For reasons 
similar to those just mentioned, homologues of methionine were 
also desired for comparative: studies. 

The present communication deals with the synthesis of bis-é- 
amino-5-carboxybuty] disulfide which is the disulfide of the 5-car- 
bon homologue of cysteine, and 6-methylthiol-a-aminovaleric acid 
which is the next higher homologue of methionine. For conven- 
ience we shall designate these compounds as pentocystine and 
homomethionine respectively. 

The pentocystine was synthesized by means of the reactions 
shown in the accompanying series of equations. 
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The homomethionine was synthesized from the pentocystine by 
reduction of the latter in liquid ammonia by metallic sodium and 
methylation of the pentocysteine so formed, as shown in the follow- 
ing equations. 


CH.:—S—S—CH, CH.—S—Na CH:.—S—CH, 
a = OH, én, bu, 
Gu, GH, =a. OH, _cus_, On, 
Ounn, Gunn, GuNH, cHNH, 
O.H dott bo.Na bon 


For confirmatory evidence of the structures of pentocystine and 
homomethionine various derivatives were prepared and analyzed. 


EXPERIMENTAL 


Preparation of Pentocystine—The diethyl-y-bromopropylphthal- 
imidomalonate was prepared by the condensation of diethyl 
sodium phthalimidomalonate and trimethylene bromide (7). 66 
gm. of the former and 404 gm. of the latter were refluxed for 2 hours. 
The excess trimethylene bromide was removed by distillation in 
vacuo, the last portions being removed by steam distillation. 
About 360 gm. of the trimethylene bromide were recovered. 

The replacement of the bromine atom by the sulfhydryl group 
was accomplished in the following manner. In a 1 liter round bot- 
tom flask 48 gm. of Na,S-9H,O were dissolved in its own water of 
crystallization by heating the compound on a steam bath, and 
H.S was then passed into the solution until the latter became 
acid to phenolphthalein. A solution of the diethylbromopropyl- 
phthalimidomalonate in 400 cc. of 95 per cent ethyl alcohol was 
then added to the solution of NaSH and the mixture was allowed 
to stand overnight. It was then refluxed for 1 hour on a steam 
bath after which the alcohol was removed by distillation in vacuo. 
The residue, dissolved in about 500 cc. of water, was transferred 
to a separatory funnel and layered with ether. Concentrated 
HCl was then added until the water layer was acid to Congo red 
and the solution was repeatedly extracted with ether. Considerable 
saponification of the ester no doubt occurred in the NaSH treat- 
ment since the ether extraction of the acid solution was found to 
increase materially the yield of the final product above that given 
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by ether extraction of the original alkaline solution. The combined 
ether extracts were distilled to remove the ether and the remaining 
oil was saponified. The oil was dissolved in 100 cc. of 95 per cent 
alcohol, 200 cc. of 5 Nn NaOH were added, and the mixture was 
refluxed for 2 hours. The alkaline hydrolysis was carried out on 
the reduced form because it was expected that the sulfhydryl form 
would be more stable to alkali than the disulfide. However, the 
acid hydrolysis of the phthalamido compound, as will be described 
later, was carried out after oxidation of the sulfhydryl] to disulfide. 
This was done to prevent possible lactone formation in the acid 
medium of the 5-thiol-a-aminovaleric acid which would have been 
formed from hydrolysis of the sulfhydry] intermediate. 

To the above alkaline solution acid was added until the reaction 
was just alkaline to litmus. 2 drops of 5 per cent FeCl;-6H2O were 
added and the sulfhydryl compound oxidized by passing air through 
the solution until the nitroprusside test for the sulfhydryl group 
was negative. The solution was then made alkaline to phenol- 
phthalein and filtered. 

For hydrolysis of the phthalyl grouping and splitting out of COs, 
the filtered solution was diluted to 1 liter, 120 cc. of concentrated 
HCl were added, and the mixture was refluxed in an oil bath at 
115-130° for 14 hours. At this point 600 cc. more of concentrated 
HCl were added and the heating continued for another hour. The 
_ hydrolysate was then concentrated almost to dryness in vacuo. 
During the evaporation it was necessary to remove inorganic salt 
at intervals. In each instance the salt was thoroughly extracted 
with 20 per cent HCl and the extract returned to the distilling 
flask. The pentocystine hydrochloride was then extracted with 
approximately 0.5 n HCl. The pentocystine was then precipi- 
tated from the extract by careful neutralization to litmus with 5 N 
NaOH in the cold. The mixture after standing in an ice bath for 
an hour or two was filtered and the precipitate was washed with 
small portions of ice-cold water and finally with alcohol. The 
crude pentocystine was purified by treatment with carbex E in 
acid solution, followed by precipitation from the acid solution with 
alkali, and then finally by recrystallization from water. The yield 
of the final pure product, driedin a vacuum desiccator over P2Os, was 
9 gm., or 30 per cent of the theoretical yield based on the amount 
of diethyl sodium phthalimidomalonate used. Further small 
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quantities of the pure product can be obtained from the various 
mother liquors from the purification. The compound crystallizes 
in needle-like crystals and decomposes at 269-272° (corrected). 
The compound gives a negative sulfhydryl and positive disulfide 
test, a positive ninhydrin reaction, and a negative Sullivan test 
for cystine. The product for analysis was dried over P20; at 100° 
in vacuo and had the following composition. 


0.0274 gm. substance: 0.0427 gm. BaSO, (Carius) 


0.1000 “ - : 6.30 ce. 0.1052 n HCl (Kjeldahl) 
CyoH2eO4N So. Calculated. N 9.45, 8 21.64 
Found. ** 9.28, ‘* 21.40 


Preparation of S-Benzylpentocysteine—1 gm. of pentocystine 
was dissolved in about 20 cc. of liquid ammonia and reduced with 
metallic sodium as described by du Vigneaud, Audrieth, and Lor- 
ing (8) for the reduction of cystine. To the liquid ammonia solu- 
tion of the sodium salt of pentocysteine 1 cc. of benzyl chloride 
was added. After evaporation of the ammonia the residue was 
dissolved in 8 ce. of water and filtered. The filtrate was then 
neutralized with HCl and the precipitated S-benzylpentocysteine 
filtered. After being washed with methy] alcohol, the compound 
was recrystallized twice from water. 0.82 gm. of the final purified 
product was obtained. It melted with decomposition at 219-222° 
(corrected), and crystallized in rosettes of needle-like crystals. 
The compound was dried in vacuo at 100° over POs and 0.1000 gm. 
of this material was analyzed for nitrogen by the Kjeldahl pro- 
cedure. 5.75 per cent N was obtained, the calculated value for 
CyHi702NS being 5.85 per cent N. 

Preparation of Diformylpentocystine—1 gm. of pentocystine 
was dissolved in 15 ec. of 85 to 90 per cent formic acid. The solu- 
tion was warmed to 60° and 5 ce. of acetic anhydride were added 
dropwise. After the solution had cooled to room temperature, 5 
cc. of water were added to destroy any excess of acetic anhydride 
and the solution was concentrated in vacuo to about 3 cc. The 
formyl derivative slowly precipitated upon cooling. The com- 
pound was recrystallized from water. It is necessary to allow 
the solution to cool very gradually or otherwise an amorphous 
product is obtained. 0.6 gm. of purified product melting at 120- 
122° (corrected) was obtained. The compound for analysis was 
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dried in vacuo at 61° over PO; and 3.541 mg. of the material were 
analyzed for nitrogen by the micro-Dumas method. The per- 
centage of nitrogen obtained was 7.72 while the theoretical value 
was 7.95 per cent for CicpH2oOsN2So. 

Preparation of Homomethionine and Formylhomomethionine—3 
gm. of pentocystine were added to about 30 ce. of dry liquid 
ammonia in a 3-necked flask fitted with a mechanical stirrer and a 
calcium chloride tube. The flask was immersed in a cooling mix- 
ture of solid CO, andether. Sodium was added to the flask in small 
portions until a very slight excess was indicated by the persistence 
of the blue color. To this solution 3 gm. of methyl iodide were 
slowly added. After removal of the excess ammonia, the residue 
was dissolved in 10 ce. of water and the solution neutralized with 
10 per cent HI. The homomethionine began to crystallize and in 
order to complete the precipitation 4 volumes of ethyl alcohol were 
added. After standing in the ice box overnight the precipitate was 
filtered. The mother liquors and washings were concentrated to 
about 5 cc. and 4 volumes of alcohol were added. A further 
quantity of crystals was thus obtained. The products were recrys- 
tallized by dissolving them in a minimum of hot water and treat- 
ing with 4 volumes of alcohol. The yield of the pure homome- 
thionine was 2.7 gm. or 80 per cent of the theoretical yield. The 
compound melted at 272-274° (corrected). For analysis the com- 
pound was dried in vacuo over P,O; at 100°. It had the following 
composition. 


3.639 mg. substance: 0.263 cc. N at 24° and 772 mm. 


0.956 gm. 7 : 0.1353 gm. BaSO, (Parr bomb) 
C.H,;0:NS8. Calculated. N 8.59, S 19.62 
Found. “ 8.63, “19.44 


The formyl] derivative was prepared by slowly adding 2 cc. of 
acetic anhydride to a solution of 0.7 gm. of homomethionine in 6 ce. 
of 85 per cent formic acid. The reaction mixture was allowed to 
stand for 30 minutes and then evaporated to drynessin vacuo. The 
residue was extracted with 5 ce. of boiling ethyl acetate and the 
extract filtered while hot. Upon cooling 0.5 gm. of colorless prisms 
was obtained, melting at 122-123° (corrected). The compound 
was dried in vacuo at 61° over P,Os and analyzed by the micro- 
Dumas method. The percentage nitrogen obtained was 7.44 while 
the theoretical value for C7H,;0;NS was 7.32 per cent. 
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SUMMARY 


The synthesis of the disulfide of the 5-carbon homologue of 
cysteine, bis-é-amino-é-carboxybutyl disulfide (pentocystine) and 
of the next higher homologue of methionine, 5-methylthiol-a- 
aminovaleric acid (homomethionine) has been presented. 

Diformylpentocystine, S-benzylpentocysteine, and formyl- 
homomethionine have also been prepared. 


BIBLIOGRAPHY 


. Butz, L. W., and du Vigneaud, V., J. Biol. Chem., 99, 135 (1932-33). 

2 du Vigneaud, V., Dyer, H. M., and Harmon, J., J. Biol. Chem., 101, 719 
(1933). 

. Virtue, R. W., and Lewis, H. B., J. Biol. Chem., 104, 415 (1934). 

. du Vigneaud, V., Craft, H. A., and Loring, H.8., J. Biol. Chem., 104, 81 
(1934). 

. Tarr, H. L. A., Biochem. J., 28, 192 (1934). 

. Pirie, N. W., Biochem. J., 28, 305 (1934). 

. Sérensen, S. P. L., Z. physiol. Chem., 44, 448 (1905). 

. du Vigneaud, V., Audrieth, L. F., and Loring, H. S., J. Am. Chem. Soc., 
52, 4500 (1930). 


_ 


= Cw 


ona ow 





~" ~~ Det ee FF SB Se OO he RP OR wee awa ye resva 


















THE ANTITRYPSIN OF EGG WHITE* 


By A. K. BALLS anp T. L. SWENSON 


(From the Food Research Division, Bureau of Chemistry and Soils, United 
States Department of Agriculture, Washington) 


(Received for publication, May 22, 1934) 


The inhibitory action of egg white toward trypsin has been at- 
tributed in the main either to a specific enzyme inhibitor (1) or to 
some of the egg proteins which combine rapidly with the proteinase 
but are only slowly digested by it (2). The following e--periments 
indicate that trypsin is inhibited by small quantities of a substance 
which may be extracted from eggs, that this substance is probably 
a protein hydrolysis product but not a true protein, and that it 
acts by displacing the enterokinase from its combination with 
the enzyme. The possibility of another type of tryptic inhibition, 
caused by the presence of difficultly digestible proteins, is not 
ruled out, but does not enter into this discussion. 

In a recent paper Balls and Swenson (3) showed that the protei- 
nase inhibitor of egg white was found in the thin or watery fraction 
of the white, whereas the thick white was definitely proteolytic. 
Since the thin white is formed during storage of the egg by the 
proteolysis of the thick white (3), it is reasonable to assume that 
the thick white contains the inhibitor in an inactive form, whereas 
the thin white, on the contrary, contains it in an active form which 
stops the unlimited breakdown of the egg proteins. It has been 
found possible to separate the inhibitory substance from the main 
bulk of the thin white by extracting the dried material with am- 
monia. 

The antitryptic power of a preparation may be estimated, 
though only very roughly, by a method which determines the quan- 
tity of inhibitor needed to depress the activity of a standard trypsin 
to half its normal amount.- The inhibitor was added to a fixed 
amount of practically inactive trypsin, and followed after 5 min- 
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utes by the amount of enterokinase which the enzyme should nor- 
mally receive for complete activation. From Fig. 1, it appears 
that the relation between inhibition and amount of inhibitor fol- 
lows a smooth curve, so that if several points are determined with 
different quantities of inhibitor, the quantity giving 50 per cent 
inhibition may be found by drawing the curve. Better methods 
are doubtless available, but this served to guide us to a procedure 
for concentrating the inhibitory substance. 

To insure a trypsin of constant quality, enough pig pancreas was 
dried with acetone and ether to last throughout this series of experi- 
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INHIBITION OF TRYPSIN 


BY MATERIAL CONCENTRATED FROM EGG WHITE 
(AMMONIA EXTRACTION AND PRECIPITATION WITH ALCOHOL) 
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ments. To prepare the enzyme a few gm. of the dried gland were 
extracted with 10 times its weight of 75 per cent glycerol. The 
extract was diluted with an equal volume of water, and adsorbed 
at neutral reaction three or four times with 0.1 its volume of alumina 
C, suspension (4) (10 ce. = 0.50 gm. of Al,O;). The adsorption 
removed small amounts of enterokinase and of the inhibitory sub- 
stance, which may occur together with trypsin itself in pancreas, 
as Kunitz and Northrop (5) have stated. Tryptic activity was 
determined by the method of Willstitter et al. (6), with casein as 
a substrate. The details are shown in Table I. The preparation 
of the enterokinase has been described in a previous paper (3). 
Method of Concentrating Inhibitor—The thin white from several 
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TaBLe I 
Progress in Concentration of Tryptic Inhibitor* 








Amount 
os Material tested P panyne | 
inhibition 
mg. 
A | Crude thin white 31.0 
B Unheated ammonia extract (neutralized) 19.0 
Cc Preparation B after heating 2.5 
D | Acetone-precipitated material from Prep- 4.0 
aration C 
E_ | Alcohol-precipitated material from acidified 1.2 


Preparation C 
F Preparation E redissolved, clarified with 0.9 
acetic acid 
G | Preparation E redissolved, adsorbed (neu- 0.35 
tral) with Cy, elution by 0.04 N ammonia 
neutralized, precipitated by acetone 

H_ | Dialysate from solution of Preparation E 0.20 
(collodion, 48 hrs.) 





Volume of | Correspond- 
preparation | ing volume 
producing | of original 
50 per cent egg white 
inhibition | represented 





ce. cc. 
A | Crude thin white 0.25 0.25 
B Extract with m/15 Na,HPO, 0.5 0.40 
Cc Phosphate extract of Preparation B heated, 0.4 0.32 











dialyzed 7 days 





* Various amounts of dissolved inhibitor were mixed with 1.0 cc. of 
trypsin solution, followed in 5 minutes by 1.0 ce. of enterokinase (sufficient 
for full activation in the absence of inhibitor). Activation time was 30 
minutes at 30°. Then3cc. of Mammonium chloride-ammonia buffer (pH = 
9.1), 15 cc. of 6 per cent Hammarsten casein (dissolved in 0.06 n NaOH), 
and water up to 30 cc. were added. Titration of 10 cc. portions of the mix- 
ture at once and after 20 minutes at 30° measured the —COOH liberated 
by the tryptic digestion. Titration was made in hot alcohol, by the method 
of Willstiatter et al. (6), with0.1N KOH. The inhibitory power is expressed 
as the weight of dry substance (or volume of solution) required to reduce 
the activity of the trypsin under the conditions given from its uninhibited 
value which was 1.2 cc. of 0.1 N KOH (for the titrated portion of 10 ec.) to 
0.6 cc. of 0.1 n KOH. 
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eggs was dried with acetone and ether in the usual way, powdered, 
and stirred with 10 times its weight of 0.04 m ammonia for an hour, 
The alkaline liquid was poured off through a filter, and the insolu- 
ble matter washed with alittle water. The extract was neutralized 
with m acetic acid, heated for 5 to 10 minutes at 75-80°, cooled, 
brought to pH 5.0 (approximately) with m acetic acid, and the 
precipitated protein centrifuged out. The inhibitory substance 
was then precipitated from the acid solution with 5 or 6 volumes 
of 95 per cent alcohol, thoroughly washed with alcohol, then with 
ether, and finally dried. About 1 gm. of material is obtained from 
20 gm. of dried thin white. 


Properties of Concentrated Substance 


The substitution of alkaline phosphate for ammonia and of ace- 
tone for alcohol, and the removal of salts by dialysis did not ma- 
terially affect the resulting product, from which it follows that the 
inhibitor is insoluble in acetone, ether, and alcohol, soluble in water, 
moderately heat-stable (continued boiling destroys it) and not 
dialyzable. While the inhibitor does not dialyze from impure 
solutions, where it is probably held by adsorption, it does dialyze 
slowly through collodion when present in purer form (Preparations 
E and F). 

In water, the purified product (Preparation E) formed a faintly 
opalescent solution, which, after the addition of dilute acetic acid, 
was completely clarified by centrifugation without material loss. 
It gave positive biuret and Millon tests, but was negative to 
Molisch’s test, Fehling’s solution, and sodium nitroprusside. With 
alkaline lead solutions a considerable precipitate of lead sulfide 
was formed on warming. A solution of 10 mg. per cc. gave no 
visible precipitate with picric acid, trichloroacetic acid, tannic acid, 
or mercuric chloride. With phosphotungstic acid a heavy precip- 
itate formed. The same behavior occurred on adding 2 volumes 
of saturated ammonium sulfate solution to the solution of inhibitor. 
However, much of the inhibitory substance remained in the solu- 
tion, which still precipitated sulfide when warmed with lead and 
alkali. 

The inhibitor is adsorbed by alumina C, at pH 5, and more 
readily from neutral solutions. Elution with 0.04 N ammonia ap- 
pears to be reasonably complete. If acetone (5 volumes) is added 
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ed, to the neutralized elution, the precipitate contains about one- 
= fourth of the original inhibitor in still higher concentration.! 

lu. The inhibitory power of a solution decreases slowly on standing 
red in the cold. It is rapidly destroyed in hydrogen peroxide (0.01 N 
. and 0.1 N) but not in 0.01 N iodine or in dilute sodium fluoride. 


Comparatively inert toward N H,SO,, it is completely destroyed 
“7 by N NaOH. 


a The following analyses were made with Preparation E of Table I. 

i 

om Total N = 
3.254 mg. substance: 0.297 cc. N; (Dumas) 27°, 770mm. = 10.55 
a ° - tae“ * - wa * = 10.65 
Amino N 


100 mg. substance: 0.98 cc. N2 (Van Slyke) 24°, 764 mm. = 0.55 
ce- Total S* 


1a- 8.610 mg. substance: 1.349 mg. BaSO, = 2.10 
he 9.221 “ - saa ™ = 1.95 

Titrations in Alcohol 
er, 100 mg. substance used 0.10 cc. 0.1 N HCl (brom-phenol blue) 
ot 100 “ ™ “ 0.25 “ 0.1 “‘ KOH (phenolphthalein) 
ire Optical Rotation 
20 0.0290 gm. substance per cc. in 0.25 m NH,OH; 20°; 5 cm. tube; ap = 
ns —0.80°; [a]p = —55°. é 

* Our thanks are expressed to Professor du Vigneaud of George Washing- 
1 ton University for these analyses. 
4 It is realized that the foregoing tests prove nothing definite 
58. about the composition of the substance, because the material is 
to not crystalline and is evidently impure. They nevertheless indi- 
th cate that the inhibitor is very probably neither a lipid nor a carbo- 
de hydrate, but may possibly be an S—S-containing peptide of inter- 
n0 mediate molecular weight. There is nothing which leads one to 
d, believe that the antitryptie agent of blood serum, which was iden- 
p- tified by Jobling and Petersen (7) as unsaturated fatty acids, is 
es related to the inhibitor prepared from egg white. 
ie. Summary of Tests Showing Effect of Several Reagents on Tryptic 
a Inhibitor 
1 The inhibitor used was precipitated by alcohol from the acidified 
a ammonia extract of dried, thin white. After standing with the 
p- 1 The dialyzed preparation (Preparation H) is the most powerful we have 
id made sofar. It represented an increase of about 150 times over the original 

thin white, and still gave the sulfide test with alkaline lead solution. 
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reagent, the treated inhibitor was mixed with 1 cc. of our standard 
trypsin preparation, then activated, and the activity of the trypsin 
determined as usual in a volume of 30 cc., of which 10 ce. portions 
were titrated with 0.1 n KOH. The titration results are given 
below as a direct measure of tryptic activity. 

Hydrogen Peroxide—10 mg. in 1 cc. of 0.01 N H,O, for 30 minutes 
depressed the tryptic activity from 1.0 ce. to 0.6 cc. of 0.1 N KOH. 
The same volume of 0.01 nN H,O, alone had no effect on the trypsin, 
while the same quantity of inhibitor, untreated, depressed the 
activity from 1.0 cc. to 0.3 cc. A similar experiment with 0.05 n 
H,O, showed that the H,O, alone was still without effect on the 
trypsin, and the peroxide-treated inhibitor depressed the activity 
from 1.0 ce. only to 0.7 cc. Hydrogen peroxide evidently destroys 
the inhibitory effect. 

Iodine in KI Solution—10 mg. of inhibitor per ce. of 0.005 n 
iodine solution stood for 30 minutes, and showed no diminution of 
inhibitory power. Normal tryptic activity, 1.0 cc. of 0.1 N KOH; 
with added iodine solution only, 1.0 cc. of 0.1 N KOH; with iodine- 
treated inhibitor, 0.3 ec. of 0.1 N KOH; with untreated inhibitor, 
0.3 ec. of 0.1 N KOH. 

Hydrogen Sulfide—A solution of 10 mg. of inhibitor per cc., 
saturated with H.S for 18 hours, was definitely acidified with acetic 
acid, HS removed in a vacuum, and the evaporated water restored. 
No change in inhibitory power was observed. 10 mg. inhibited 1 
cc. of trypsin from 1.3 to 0.3 ec. both before and after this treat- 
ment. 

Acid and Alkali—10 mg. were dissolved per cc. in N NaOH and 
in N H.SO,. Solutions stood 18 hours, then were neutralized. 20 
mg. of alkali-treated inhibitor showed no inhibitory power what- 
ever, while 20 mg. of acid-treated substance depressed trypsin from 
1.2 to 0.3 cc.; 20 mg. of untreated inhibitor, from 1.2 to 0.1 ce. 
The substance resists strong acid very well, but its inhibitory effect 
is destroyed by strong alkali. 

Sodium Fluoride—10 mg. of inhibitor were dissolved per cc. of 
water containing 1 mg.of NaF. After 30minutes, 10mg. depressed 
tryptic activity from 1.0 to 0.4 cc. ; untreated inhibitor, from 1.0 to 
0.3 cc.; sodium fluoride solution alone had no effect on trypsin. 

Mode of Action of Inhibitor—The inhibitor does not combine 
with the active enzyme, thus preventing the access of a digestible 
substrate. This would constitute competitive inhibition, in which 





nan es me Oe CU CO eee oe a Oe 








ard 
sin 
ons 
ven 


ites 
)H. 
sin, 
the 
5N 
the 
‘ity 
oys 
> N 
1 of 
/H; 
ne- 


cc., 
tic 


dl 
at- 


ind 


at- 
om 


ect 


to 


ine 


ble 








A. K. Balls and T. L. Swenson 415 
increasing amounts of inhibitor produce increasingly large effects. 
It follows from Fig. 1 that the reverse is true in this case. The 
inhibitor combines, therefore, either with the enterokinase or with 
the inactive enzyme. 

Delezenne and Pozerski (1), who long ago studied the inhibition 
of trypsin by egg white, concluded that the inhibitor combines 
with the kinase because additional amounts of kinase decreased 
the inhibition. This we have repeated and can corroborate (Table 
II). Furthermore the reversal of inhibition by kinase is more 
marked the less inhibitor is present. On the other hand, we 
found that additional amounts of inactive enzyme have also the 
effect of removing the inhibition (Table II). The inhibition is 
therefore a reversible reaction. As Waldschmidt-Leitz (8) has 
shown that trypsin and kinase combine in definite proportions 
and that this reaction is to some extent reversible, our results and 
those of Delezenne and Pozerski can be explained equally well by 
assuming a combination of inhibitor either with inactive enzyme 
(Equation 1) or with kinase (Equation 2).? Willstitter, Bamann, 
and Rhodewald (9) also considered tryptic activity to depend upon 
a balance between activator and inhibiting factors. Combination 
of inhibitor with kinase does not necessarily imply that active 
trypsin is trypsin-kinase. Recently Dyckerhof, Miehler, and 
Tadsen (10) have advanced the idea that inactive trypsin is inhib- 
ited trypsin and that activation consists in combination of inhib- 
itor with kinase, thus liberating the active enzyme (Equation 3). 
All three explanations are possible as long as the reaction is revers- 
ible. 

(1) Trypsin-kinase + inhibitor = trypsin-inhibitor + kinase 


(2) Trypsin-kinase + inhibitor = trypsin (inactive) + kinase-inhibitor 
(3) Trypsin-inhibitor + kinase = trypsin (active) + kinase-inhibitor 





? In an attempt to follow this question further, we succeeded in markedly 
inhibiting papain with the concentrate from egg white. Enterokinase 
added to inhibited papain did not reactivate the enzyme, but we found that 
inhibited trypsin could be reactivated by the addition of papain which was 
itself practically without action on the strongly alkaline casein solution at 
30°. These results pointed definitely to a combination of trypsin or papain 
with the inhibitor, and not of inhibitor with enterokinase. Unfortunately, 
the results were obtained with one sample of papain only. In spite of 
earnest search, no other preparation of papain has been found which pro- 
duced these effects in the slightest degree. It is necessary, therefore, to 
regard the question as still open. 
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TaBie II 
Reversal of Inhibition by Addition of Either Enterokinase or Inactive Trypsin* 
Increasing amounts enterokinase on Increasing amounts inactive trypsin on 
inhibited trypsin inhibited trypsin 
: Tryptic s a Tryptic 
ame Inhibitor | Kinase | tivity pnd Inhibitor ag a tty 
(diluted) KOH) (diluted) (diluted) KOH) 

cc. mg. cc, cc, cc. mg. cc. ce. 
2.5 0 0 1.4 0 0 1.0f 0.3 
2.5 0 0.4 1.5f 0 5 1.0f 0.2 
2.5 5.0 0 0.8 2.5 0 0 1.4 
2.5 5.0 0.1 1.0 2.5 0 0.5 1.3 
2.5 5.0 0.4 1.0 2.5 0 1.0 1.4 
2.5 5.0 1.0 1.2 2.5 0 2.5 1.4 
2.5 5.0 2.5 1.4 2.5 5 0 0.8 
2.5 5 0.1 1.1 

2.5 5 0.5 1.1 

2.5 5 1.0 pe 

2.5 5 2.5 1.4 

2.5 25.0 0 0.7 

2.5 25.0 0.1 0.7 

2.5 25.0 0.5 0.7 

2.5 25.0 1.0 0.9 

2.5 25.0 2.5 1.3 


























* Values of tryptic activity in Table II were obtained by digesting 5 ce. 
of 6 per cent casein (dissolved in 0.06 n NaOH), plus 1 cc. of M ammonia- 
ammonium chloride buffer, pH 9.1, plus enzyme and other additions to a 
total volume of approximately 10 cc. The entire solution was titrated in 
alcohol with 0.1 n KOH (alcoholic). The increase after 20 minutes at 30° 
over an exactly similar mixture titrated at once shows the —COOH formed 
by proteolysis. Active trypsin was prepared by diluting inactive glycerol 
extract of pancreas powder with 4 volumes of water, then incubating for 18 
hours at 30°. Prokinase is thereby reduced toa minimum. Inactive tryp- 
sin was the same glycerol extract diluted with 1 volume of water and used at 
once. No activation time was allowed after addition of inactive trypsin or 
of kinase, except in controls where stated. 

t Diluted with H,O to 4 cc. for 30 minutes at 30°. All other mixtures, no 
activation time. 

t 30 minutes (30°) after adding kinase. All other mixtures, no activation 
time. 


Theoretically it should be possible to choose between these 
explanations by applying the law of mass action to the three cases. 
There are, however, technical difficulties to this, for the trypsin 
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determinations may not be accurate enough to distinguish be- 
tween the mathematical expressions involved. The probability 
that new trypsin and new kinase are formed, especially during 
activation, makes matters more complicated. 

Behavior of Inactive Enzyme with Inhibitor—Much less inhibitor 
is required when it is added to the enzyme before, rather than after, 
the kinase. Total inhibition of the trypsin is easily obtained (Fig. 
1). This is probably due to the fact that with most inactive 
trypsins, activation consists of far more than the simple combina- 
tion of enzyme and kinase. Waldschmidt-Leitz and Harteneck 
(11) have shown that a prokinase may be present which on tryptic 
digestion changes to enterokinase, thus increasing the amount 
of activator beyond that intentionally added. Furthermore, 
Kunitz and Northrop (5) have recently isolated a protrypsin, a 
protein which on tryptic digestion produces the enzyme itself. 
There is, therefore, good reason to suppose that during the acti- 
vation of our trypsin additional amounts of both trypsin and acti- 
vator are formed. To produce practically complete inhibition, 
therefore, the amount of inhibitor, if added before activation, 
needs only to be sufficient to inhibit whatever trypsin was originally 
present. 

Since the inhibition is reversible, there will always be a trace of 
active trypsin left, so that the inhibitor can only slow down the 
self-activation of the trypsin. Thus when inactive trypsin was 
diluted and incubated for 24 hours, the same result, a slightly in- 
hibited enzyme, was obtained whether the inhibitor had been 
added before the incubation or, in the same amount, afterwards 
(Table III); yet no appreciable amount of this trypsin was acti- 
vated when the fresh enzyme plus inhibitor was incubated, in the 
the usual way, for half an hour. This indicates that the action 
of the inhibitor is the same on the active and inactive enzyme prepa- 
rations, but that the progress of the activation is retarded. 

The existence of the inhibitor in trypsin preparations themselves 
can be shown by boiling the enzyme briefly, after which the prepa- 
rations will often be found strongly inhibitory. 

The effect of the inhibitor on inactive trypsin is not purely inhib- 
itory, however. Usually a disappearance of carboxyl groups 
already present in the digestion mixture occurs. This is shown 
by the negative titration value in Fig. 1, and is one of many in- 
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stances of this effect which we have observed with the inhibitor 
in all stages of purification. 

Negative values for tryptic activity were obtained either by 
using very large quantities of inhibitor, or by adding inhibitor to 


Taste III 
Self-Activation of Trypsin with Insufficient Inhibitor* 




















Tryptic activity (0.1 n KOH) 
Enzyme 
Nokinase | [eee | tihibiegs 
cc. ce. ec. 
2.5 ce. freshly diluted.. 0.2 2.3 0.1 
2.5 “ diluted with water, then kept 24 
hrs. at 30°.. 1.5 1.7 1.3 
2.5 ec. diluted ‘with water + 0. 1 mg. in- 
hibitor, then kept 24 hrs. at 30°........ 1.2 1.5 





* Tryptic activity was determined as in Table II. Enzyme used was 
glycerol extract of pancreas; 0.50 ec. diluted to 2.5 cc. with water. Quan- 
tities given are per titration portion of 10 cc. 


TABLE IV 
Effect of Inhibitor on Inactive Enzyme* 























Tryptic activity after 30 min. at 30° with 
enterokinase (0.1 N KOH) 
EE SEE NE, Oe 0 0.4 1.0 3.0 
ce, ce. cc. ec. 
Inhibitor (5 mg.) added to 2.5 ce. 
freshly diluted extract.............. +0.2 
Inhibitor (5 mg.) added to 0.5 cc. ex- 
tract, then diluted to 2.5 cc.........| —0.5 | —0.3 | +0.1 | 40.4 
eau +0.3 | 42.3 





*Tryptic activity in cc. of 0.1 N KOH, determined as in Table II. 
Enzyme used was freshly prepared glycerol extract of powdered pancreas. 


the glycerol extract of pancreas before it was diluted with water 
(Table IV). 

These negative results prove nothing more than a disappearance 
of —COOH groups, but they may indicate some form of synthesis 
similar to that reported by various workers (12). We hope that 
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by studying this protease inhibitor it may be possible to find out 
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the nature of the reaction in which the —COOH disappears, whether 
the enzymic effect is a reversal of tryptic demolition or is due to a 
separate ferment, and what réle the protease inhibitor plays in 
activating this process. 
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ACETONE DERIVATIVES OF d-RIBOSE. II. 


By P. A. LEVENE anp ERIC T. STILLER* 


(From the Laboratories of The Rockefeller Institute for Medical Research, . 
New York) 


(Received for publication, June 14, 1934) 


The present work was undertaken with the purpose of preparing 
partially substituted ribose having one hydroxyl group, namely 
the one in position (2) or in position (4), unsubstituted. This 
substance was needed for the synthesis of the optically active 2- 
(or 4-) phosphoribitol.! It was expected that acetonylation of 
methylribopyranoside would lead to the desired derivative. From 
the figure below, it can be seen that acetone could be expected 
to enter the molecule of methylribopyranoside by condensing 
either in positions (2) and (3) or in (3) and (4). 

CH-OCH;— 

H-C-OH 
oO 
H-C-OH 


H-C-OH 





C——— 
Hi: 


Consequently, normal ‘methylriboside was prepared by essen- 
tially the same method as that employed by Levene and Tipson.? 
Polarimetric observations of the initial glycoside formation in the 
cold showed that a maximum specific rotation of +-7.7° was reached 
in 82 minutes and the final rotation was —57.3° (after boiling for 
130 minutes). The difference in final specific rotation from that 


* Commonwealth Fund Fellow. 
1 Levene, P. A., Harris, 8. A., and Stiller, E. T., J. Biol. Chem., 105, 153 
(1934). 
? Levene, P. A., and Tipson, R. S., J. Biol. Chem., 92, 109 (1931). 
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422 Acetone .Derivatives of d-Ribose 
quoted by Levene and Tipson? is probably due to the fact that in 
the present investigations a specially purified sample of dry ribose 
was used, and that heating was continued longer. 

The methylribopyranoside was condensed with acetone by the 
method previously described by the present authors.* In order to 
ascertain the structure of the condensation product, it was methyl- 
ated by means of Purdie’s reagents, yielding a monomethyl mono- 
acetone methylriboside. On attempting to remove the acetone 
residue by means of 0.02 n hydrochloric acid—a reagent which 
should not effect the hydrolysis of the glycosidic methyoxyl group 
of a pyranoside‘—the product reduced: Fehling’s solution strongly 
and was shown to contain 46 per cent of reducing monomethyl 
pentose. Further light was thrown on this unexpected result by 
the complete methylation of the hydrolyzed product, which gave 
a trimethyl methylriboside. The product on treatment with 0.02 
N hydrochloric acid at 100° showed a fall in rotation and, by means 
of Willstitter titrations,’ an increasing production of reducing 
material to a maximum of 52 per cent was demonstrated. 

It is thus evident that during condensation of methylribopyrano- 
side with acetone, a shift in the position of the lactal ring occurs, 
similar to that which has been shown by Levene and Meyer* to 
take place in the case of the condensation of methylmannopyrano- 
side with acetone. 

Confirmatory evidence of this partial ring shift was found in an 
examination of the action of p-toluenesulfonyl chloride on the 
acetone methylriboside. The product was shown to be a mixture 
of 5-p-toluenesulfonyl monoacetone methylribofuranoside with 
4-p-toluenesulfonyl monoacetone methylribopyranoside. The 
former was compared with a specimen of known structure pre- 
pared directly from monoacetone methylribofuranoside and found 
to be identical. The latter was shown to be a pyranose derivative 
by its non-reaction with sodium iodide under standard conditions’ 
and by the resistance of its glycosidic methoxy] group to hydrolysis 
under conditions which would cause hydrolysis of a furanoside. 


3 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 102, 187 (1933). 

4 Bott, H. G., Hirst, E. L., and Smith, J. A. B., J. Chem. Soc., 658 (1930). 

5 Willstatter, R., and Schudel, G., Ber. chem. Ges., 51, 780 (1918). 

6 Levene, P. A., and Meyer, G. M., J. Biol. Chem., 78, 363 (1928). 

7 Oldham, J. W. H., and Rutherford, J. K., J. Am. Chem. Soc., 64, 366 
(1932). 
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By treatment of the 5-p-toluenesulfonyl monoacetone methyl- 
ribofuranoside with sodium iodide, an iodo derivative was ob- 
tained, conclusively demonstrating that the p-toluenesulfonyl 
residue was attached to the primary alcoholic group at position (5) 
of the ribose chain. 

By hydrolysis of the 4-p-toluenesulfonyl monoacetone methyl- 
ribopyranoside with aqueous methyl alcohol containing 5 per cent 
sulfuric acid in the cold, a 4-p-toluenesulfonyl methylribopyrano- 
side was formed. 

Thus it was definitely proved that on acetonylation methylribo- 
pyranoside in part rearranges into the furanoside. Indeed, study 
of a model reveals the fact that there is less strain in the structure 
of the 2,3-isopropylidene methylribofuranoside than in either of 
the two possible monoacetone derivatives of the methylpyranoside.* 


EXPERIMENTAL 


Preparation of Methylribopyranoside—The methylribopyranoside 
was prepared in essentially the same manner as described by Levene 
and Tipson.? Owing to the use of very specially purified ribose, 
the final rotation differed somewhat from that recorded by the 
above authors and by Levene, Raymond, and Dillon,* so a descrip- 
tion of the preparation will be given. 

20 gm. of finely powdered ribose (which had been twice recrystal- 
lized from absolute aleohol and dried to constant weight) were 
dissolved in 100 gm. of absolute methyl alcohol and 100 gm. of 
absolute methyl alcohol containing 3 gm. of dry hydrogen chloride 
were added. 

The mixture was allowed to stand at room temperature while the 
specific rotation was followed polarimetrically. The specific rota- 
tion changed rapidly from —20.9° (6 minutes after admixture) and 
reached a minimum of +7.7° in 113 minutes, after which the rota- 
tion commenced to increase very slowly. After 113 minutes the 
solution was boiled gently in a water bath at 80°, polarimetric 
observations (see Table I) being made after the solution had been 


8 The final purification of the tosyl derivatives was accomplished by 
Dr. R. 8. Tipson. For this help as well as for his help in the preparation 
of the manuscript, we wish to express our thanks. 

* Levene, P. A., Raymond, A. L., and Dillon, R. T., J. Biol. Chem., 95, 
699 (1932). 
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cooled and shaken with a little charcoal to remove the slight straw- 
yellow color. After boiling for 130 minutes, the specific rotation 
remained constant at —57.4°. 

The solution was now rendered neutral by addition of silver car- 
bonate and the silver salts removed by filtration and thoroughly 
washed with small quantities of methyl alcohol. The combined 
filtrate and washings were evaporated to dryness under diminished 
pressure at a temperature below 35°, the last traces of solvent being 
removed under the high vacuum pump. The product (22.2 gm.) 














TaBLeE I 
Condensation of d-Ribose with Methyl Alcohol in Presence of Hydrogen 
Chloride 

Time lal Time lal 
min, degrees min. degrees 
Cold (27°) 0 —20.9 | Cold (27°) 56 +6.5 
9 —16.8 58 +6.7 
13 —13.2 60 +6.8 
19 —7.8 65 +7.2 
27 —1.6 70 +7.4 
33 +1.4 76 +7.5 
35 +2.5 82 +7.7 
37 +3.1 113 +7.7 
39 +3.8 151 +7.0 
41 +4.0 | Boiling (65°) 0 +7.7 
43 +4.7 25 —21.3 
45 +5.3 55 —39.3 
47 +5.4 75 —48.7 
49 +5.8 105 —55.9 
51 +6.0 130 —57.3 
53 +6.2 | 150 —57.3 




















was a pale yellow, viscous syrup which did not reduce boiling 
Fehling’s solution. 


[a]> = —46.5° (in water) 


In order to demonstrate that the amount of furanoside in the 
normal methylriboside was small, a weighed quantity was dissolved 
in 0.1 N hydrochloric acid and during 24 hours at 25° the specific ro- 
tation remained unchanged. The solution was then diluted with 
an equal volume of water, making the solution 0.05 N and samples 
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were heated in sealed tubes in a boiling water bath. During the 
first half hour, the specific rotation remained constant (—46.2°) 
and thereafter fell very slowly (60 minutes, —43.0°). 

Acetonylation of Methylribopyranoside—Methylribopyranoside 
(21 gm.) was dissolved in pure, dry acetone (400 cc.) containing 0.2 
per cent sulfuric acid, and anhydrous copper sulfate (40 gm.) 
was added.* The mixture was shaken at 37° during 20 hours. The 
copper sulfate was now removed by filtration and thoroughly 
washed with small quantities of acetone. The combined filtrates 
and washings were shaken with calcium hydroxide until neutral 
and the calcium salts then filtered off and washed with acetone. 
The filtrate was evaporated to dryness under diminished pressure, 
the temperature being kept below 35°, and the final traces of solvent 
were removed under the high vacuum pump. The product was 
distilled under a high vacuum, giving a main fraction (19.1 gm.) 
boiling at 82-83° at 0.025 mm. This product was refractionated, 
giving 17.0 gm. of a pale yellow syrup which distilled at 84-86° at 
0.05 mm. and had the following composition. 


5.215 mg. substance: 5.670 mg. Agl 
CsH1;0, (OCH;). Calculated. OCH; 15.2 
204.1 Found. “« 14.4 


Preparation of Monomethyl Monoacetone Methylriboside—Mono- 
acetone methylriboside (3.9 gm.) was methylated by means of 
Purdie’s reagents (20 cc. of methyl iodide and 16 gm. of silver 
oxide) with vigorous stirring. The product was isolated in the 
usual way and was distilled under a high vacuum, giving 3.5 gm. 
of a colorless mobile syrup (b.p. 68-69° at 0.04 mm.) which had 
the following composition. 


5.604 mg. substance: 11.570 meg. Agl 
C;H;,0; (OCHs)2. Calculated. OCH; 28.5 
218.1 Found. , es 


Hydrolysis of Monomethyl Monoacetone Methylriboside—The 
product (3.5 gm.) was dissolved in 44 cc. of 0.02 n hydrochloric 
acid and heated at 100°. Polarimetric observations showed a 
rapid change in rotation, from an initial value of —64.5° to a con- 
stant value of —22.0° after 30 minutes. The solution was ren- 
dered neutral with barium carbonate and the water removed under 
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diminished pressure at a temperature below 30°. The product was 
mixed with benzene and the solvent distilled off under diminished 
pressure in order to remove the last traces of water. This treat- 
ment was repeated three times. The product, 2.5 gm. (theory 
2.6 gm.), was a pale yellow viscous syrup which was extracted by 
means of absolute alcohol. It reduced warm Fehling’s solution 
strongly. 

The amount of reducing material present was estimated by the 
method of Willstatter and Schudel’ and shown to be 46.5 per cent. 

Exhaustive Methylation of Hydrolytic Product—The product from 
the acid hydrolysis (2.3 gm.) was dissolved in 25 ec. of methyl 
alcohol containing 1.5 per cent dry hydrogen chloride and allowed 
to stand at room temperature until the rotation became constant. 
In 1 hour a constant specific rotation of —41.9° was attained. The 
solution was rendered neutral with silver carbonate and the silver 
salts removed by filtration and thoroughly washed. The com- 
bined filtrate and washings were evaporated to dryness under 
diminished pressure at a temperature below 30°. 

The product (2.4 gm.) was methylated by means of Purdie’s 
reagent (30 cc. of Mel, 20 gm. of Ag2O) with vigorous stirring. On 
isolation in the usual manner, the syrupy product was remethiyl- 
ated with half the above quantities of Purdie’s reagent. 

The product was isolated and distilled at 58-60° at0.03mm. The 
n2’ was 1.4445, and the composition as follows: 


3.555 mg. substance: 6.820 mg. CO, and 2.830 mg. HO 


4.805 “ . : 21.888 “ Agl 
C;H,O (OCH;),. Calculated. C 52.4, H 8.8, OCH; 60.2 
206.1 Found. “523,89, “ 60.2 


Partial Hydrolysis of Mixed Trimethyl Methylribosides—369.0 
mg. of the fully methylated product were dissolved in 25 ce. of 
0.02 n hydrochloric acid. 4 cc. samples were sealed in tubes and 
heated at 98°. At various intervals of time, a tube was removed 
from the heating bath and quickly chilled in ice. The polari- 
metric observations were performed for mercury green light (A = 
5781) and the amount of reducing sugar present in each sample 
was determined by means of a Willstitter-Schudel titration 
(see Table IT). 

Preparation of 5-p-Toluenesulfonyl 2,3-Monoacetone Methylribo- 
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furanoside—2,3-Monoacetone methylribofuranoside was prepared 
by the method previously described by Levene and Stiller® by 
treating ribose with acetone containing 5 per cent of methyl alcohol 
in the presence of 0.2 per cent sulfuric acid and anhydrous copper 
sulfate. 

2.8 gm. of monoacetone methylribofuranoside were dissolved in 
the minimum quantity of dry pyridine, p-toluenesulfony] chloride 
(3.0 gm.) was added, and the mixture was allowed to stand at room 
temperature overnight. 1 drop of water was added and the solu- 
tion (cooled in ice) was allowed to stand for 30 minutes. 

Chloroform and water were now added and the aqueous layer was 
extracted three times with small quantities of chloroform. The 
combined extracts were washed with dilute sulfuric acid, dilute 








TaBLe II 
Hydrolysis of Mixed Trimethyl Methylribosides 
Time la), se: Reducing sugar 
hrs. degrees per cent 

0 —39.41 

1 —35.40 40.7 
2 —33.25 47.1 
3 — 33.79 52.2 











sodium hydroxide, and finally, with water. After drying over 
anhydrous sodium sulfate and filtering, the filtrate was evaporated 
under reduced pressure, giving 5.0 gm. of pale yellow, viscous 
syrup which crystallized rapidly on scratching under a little dry 
ether. After recrystallization from absolute alcohol the fine white 
needles had a melting point of 83-84°. The substance had the 
following composition. — 


4.401 mg. substance: 8.690 mg. CO, and 2.370 mg. H,O 


12.265 “ “ : 7.685 “ BaSO, 
8.442 “ “ + 5.520 “ Agi 
CisH20;8. Calculated. C 53.6, H 6.2, 8 8.9, OCH, 8.7 
358.2 Found. “ 53.8, 6.0,"8.7, “ 8.6 


The specific rotation of the p-toluenesulfonyl derivative was 


—0.74° X 100 
2 X 1.043 


lalp = 


= —35.5° (in absolute ethyl alcohol) 





1 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 104, 299 (1934). 
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Action of Sodium Iodide on 5-p-Toluenesulfonyl Monoacetone 
Methylribofuranoside—The 5-p-toluenesulfonyl monoacetone meth- 
ylribofuranoside (1 gm.) was treated in acetone with sodium 
iodide (1 gm.) in a sealed tube at 100° for 2 hours. The solution 
was diluted with water and extracted repeatedly with chloroform. 
The chloroform extracts were washed with sodium thiosulfate 
solution in order to remove any free iodine and then dried over 
anhydrous sodium sulfate. On removal of the solvent, a pale 
yellow syrup (1 gm.) (which resisted all attempts at crystallization) 
remained. 

It had the following composition. 


7.595 mg. substance: 5.680 mg. Agl 


10.165 “ - T—_—° *™ 
C;H,;0,I. Calculated. I 40.4, OCH; 9.9 
314.1 Found. “40.4, “ 9.8 


Preparation of 4-p-Toluenesulfonyl Monoacetone Methylribo- 
pyranoside—The mixture of monoacetone methylribosides described 
above (5 gm.) was treated with 1.1 moles of p-toluenesulfonyl 
chloride in dry pyridine and allowed to stand overnight. The 
product was isolated as described above and 11.2 gm. of substance 
were isolated, crystallizing in white needles from absolute alcohol. 
The product began to soften at 78° and had melted completely at 
127°. 

By fractional crystallization from absolute alcohol, two homo- 
geneous fractions were isolated. The lower melting fraction was 
identical with the 5-p-toluenesulfonyl monoacetone methylribo- 
furanoside described above, m.p. 84-86°, giving no depression on 
admixture and forming an iodo derivative which did not crystallize. 

The other pure fraction, m.p. 144-145°, had the following com- 
position. 

4.495 mg. substance: 8.870 mg. CO, and 2.530 mg. H,0. 


11.700 “ " : 7.610 “ BaSOQ, 

6.511 “ ” : 4.350 “ Agl 
CisH2:078. Calculated. Cc 53.6, H 6.2, Ss 8.9, OCH; 8.7 
358.2 Found. “53.8, 6.3,"8.9, “ 8.8 


It showed the following specific rotation. 


—1.89° X 100 


> hie 114.9° (in absolute ethyl alcohol) 


lalp = 
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This fraction of higher melting point did not react with sodium 
iodide, the starting material being recovered unchanged after 
treatment under standard conditions for 2 hours. 

The main portion of the original mixture of p-toluenesulfonyl 
derivatives, when heated with sodium iodide in acetone at 100° in 
a sealed tube for 2 hours, gave a product which partly crystallized. 
The crystals, on separation from the syrupy iodo compound iden- 
tical with that already described, proved to be 4-p-toluenesulfony! 
monoacetone methylribofuranoside (m.p. 144-145°). 

Hydrolysis of Acetone Residue from 4-p-Toluenesulfonyl Mono- 
acetone Methylribopyranoside—4-p-Toluenesulfonyl monoacetone 
methylribopyranoside (2.5 gm.) was dissolved in 100 cc. of methyl 
alcohol and 20 cc. of 5 per cent sulfuric acid were added. A 
crystalline precipitate formed and on allowing the mixture to stand 
at room temperature for 4 hours, the suspension disappeared. 
20 ce. of 5 per cent acid were then added and, after the precipitate 
had dissolved (4 hours), further addition of acid produced no pre- 
cipitate. The acid was neutralized with barium carbonate and 
the barium salts removed by filtration. On removing the solvent 
under reduced pressure, the product crystallized spontaneously 
in white needles. It was recrystallized from ether, the substance 
having a melting point of 124° and the following composition. 


4.221 mg. substance: 7.610 mg. CO, and 2.190 mg. HO 


8.244 “ “ 6.031 “ BaSO, 

6.752 “ “ > 5.001 “ Agi 
C,3H:s078S. Calculated. C 49.0, H 5.7, 8 10.1, OCH; 9.8 
318.2 Found. “@.2,°$.6,°0.1, “ 6.9 


Its specific rotation was as follows: 


—0.82° « 100 
[a]5 = ie = —40.0° (in chloroform) 














VITAL NEED OF THE BODY FOR CERTAIN UNSATURATED 
FATTY ACIDS 


IV. REPRODUCTION AND LACTATION UPON FAT-FREE DIETS* 


By HERBERT M. EVANS, SAMUEL LEPKOVSKY, ann ELIZABETH 
A. MURPHY 


(From the Institute of Experimental Biology, University of California, 
Berkeley) 


(Received for publication, March 20, 1934) 


INTRODUCTION 


Studies with diets devoid of the essential unsaturated fatty acids 
but with all other known dietary essentials are of recent origin 
(1-3), and it is consequently too early to expect thorough treatment 
of special aspects of the physiology of such animals, for instance 
their reproduction and lactation. An excellent beginning was 
made by Burr and Burr (4) whose initial results, though based 
upon only three rats, clearly indicated abnormality or failure in 
reproduction. They also made a beginning in the study of lacta- 
tion. Lard fatty acids were fed to females, making possible normal 
young; and four litters totaling twenty-five young were successfully 
suckled without mortality with an average weight at weaning of 
29 gm. 

The reproduction and lactation of rats on fat-free diets has been 
thoroughly investigated with large numbers of rats and forms the 
subject of this report. 


EXPERIMENTAL 


Technique for Gestation Studies—The diet used (Diet 667) con- 
sisted of fat-free casein! L-XI, 24.0; sucrose, 72.1; and Salt Mix- 


* Aided by grants from the Research Board and the College of Agri- 
culture of the University of California, and the Rockefeller Foundation. 
1 We are grateful to the Golden State Company, Ltd., for its generosity 
in giving us this casein. 
431 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, Vou. 106, No. 2 


' 


ose > 


a Oe ea et me Eee Bee gee - 


basins 











432 Unsaturated Fatty Acids in Diet. IV 


ture 185 (5),3.9. The vitamin B and vitamin G requirements were 
satisfied by the separate daily feeding of 1 gm. of ether-extracted 
brewers’ yeast,? the vitamin A and vitamin D requirements by the 
daily feeding of the non-saponifiable matter from 83 mg. of cod 
liver oil’ (6), and the vitamin E requirement by the weekly feeding 
of the non-saponifiable matter from 500 mg. of wheat germ oil (3). 

The rats were maintained on the fat-free diets for about 5 months, 
when some were fed the essential unsaturated fatty acids as 10 mg. 
of walnut oil. When the rats were from 6 to 7 months old, the 
walnut oil was replaced with 50 mg. of a preparation rich in the 
essential unsaturated fatty acids (Preparation 48-e). The rats 
receiving this supplement, in all 52, were bred and yielded repro- 
duction data with the essential unsaturated fatty acids. 59 rats 
were kept without addition of the essential unsaturated fatty 
acids and were mated when 6 to 7 months old, yielding the repro- 
duction data without the essential unsaturated fatty acids. After 
the first gestation some of these rats were used to determine the 
possible importance of increased amounts of vitamins A, D, E, 
and carotene upon the course of gestation upon fat-free diets. 

Whenever estrus occurred, the females were placed in cages with 
wire screen bottoms with males which had been maintained on a 
natural food diet. After mating occurred the vaginal contents 
were studied daily and the course of the gestation observed. The 
animals were weighed every 5 days and daily from the 20th day of 
gestation to the time of littering or to the 25th day in case a litter 
was not cast. 

Technique for Lactation Studies—We encountered difficulty in 
rearing young in cages with wire mesh bottoms so that the method 
was adopted of removing the wire mesh bottoms at the 20th day 
and using wood shavings throughout the lactation period. Daily 
observations of the condition of the mother and young were made 
and both were weighed every 5 days. The known vitamins were 
all increased in order to make sure that the fat-free diet was fully 
adequate for lactation in all the known dietary essentials. 


2 We wish to thank President R. M. Allen of the Vitamin Food Company, 
Inc., of New York for generously supplying a whole dried brewers’ yeast 
remarkably high in its content of the antineuritic vitamin B. 

3 We wish to thank Mead Johnson and Company for generously supply- 
ing the cod liver oil. 
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Preparation of Materials Used—Casein was washed with acidu- 
lated water (7) and extracted for 1 week with ether. 

A reliable preparation of the essential unsaturated fatty acids 
(Preparation 48-e) was made from corn oil by the crystallization 
and removal of its insoluble lithium salts from 80 per cent ethyl 
alcohol. It contains approximately 80 per cent linoleic acid and 
20 per cent oleic acid. 

The vitamin B concentrate (Preparation 9-G) was prepared by 
extracting rice polish with 25 per cent alcohol, concentrating in 
vacuo, and adding 95 per cent alcohol to the syrup to a concen- 
tration of 80 per cent. It is filtered, and the filtrate concentrated 
in vacuo so that 1 ec. = 10 gm. of rice polish. 

The vitamin G concentrate (Preparation 53) was prepared by 
extracting hog livers with boiling water, concentrating in vacuo, 
and removing the glycogen and other substances with 2 volumes 
of alcohol, and finally concentrating so that 1 cc. = 10 gm. of fresh 
liver. 


Results of Studies on Gestation 


Gestation without Essential Unsaturated Fatty Acids—Normal 
reproduction without the essential unsaturated fatty acids is im- 
possible (Table I). About 20 per cent of the females failed to 
litter after implantation had occurred as indicated by the finding 
of red blood cells in the vaginal tract from the 12th to the 20th 
day. 6 percent of the pregnant females died during littering, and 
in 95 per cent of the pregnancies there were peculiar prolonged 
gestation periods, from the 23rd to 25th day. 80 per cent of the 
young were born dead and the remainder died soon after birth. 
On an average, only three young were born per litter, and had an 
average weight of only 4.0 gm. 

Influence of Increased Amounts of Vitamins A, D, E, and of 


‘ Apparently there is a derangement of the birth mechanism necessary 
to expel the young on the normal day of parturition. Littering is often 
accomplished only with great difficulty, 24 hours being sometimes con- 
sumed in the process, and frequently accompanied with such great weak- 
ness of the mother as to render its survival uncertain. Autopsy of two rats 
on the 19th day of gestation and two rats on the 23rd day disclosed macer- 
ated young, and some resorption sites. The corpora lutea of the mothers 
very frequently had an unnatural, white, chalky appearance. Copious 
hemorrhage was sometimes observed. 
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TABLE I 


IV 


Reproduction Data upon Fat-Free Diet 667 with and without Essential 


Unsaturated Fatty Acids 


Females between 5 and 8 months old were used; essential unsaturated 


fatty acids were fed w vhen the rats were 6 to 7 months of age. 











Total No. of ities | in group. . | 
No. of females placed at least once with male . 
Total instances of estrous female placed with | 


No. of matings eee. eccie ae Ea eee | 
Per cent of matings... i i i ' 
No. of matings showing sign of implantation .. 
Per cent of matings showing sign of implantation. 
No. of instances with implantation sign; no lit- 
SS onic PEadu vere <eeevandpuce cha¥s 
Per cent of failures to litter after implantation 
EEE LAU Ly tek eee re eds a ee 
No. of animals on which autopsy was performed 
Ce caw, ctatachn hs skueae es 
No. of animals dying during littering.. 
© PR cis: 
Per cent of matings resulting in littert......... 
Average no. of young per litter................. 
No. of young born dead........... 
Per cent of young born dead................... 
No. of young born living....................... 
Per cent of young born living. . 
Average weight of young at birth, , gm.. 
“« —_ mothers at time of littering, 





Per cent of animals having 23 day gestation 


a s\.0 6 Rhea a bo At whine, Ad oes os 6 
Per cent of animals having 24 day gestation 


PS ca c eiahariccshessciaatenena s 
Per cent of animals having 25 day gestation 


Per cent of mothers suckling young... 








| Diet 667 + 
| Diet 667 -E=3 
fatty acids 
59 | 52 
47 | 51 
97 | 422 
51 78 
52.6 | 64.0 
ie ile 
93.8 | 85.9 
y 4 
18.6 5.9 
2 2 
3 2 
35 59 
69.0 76.0 
3.0 5.8 
85 49 
80.0 14.4 
21 296 
20.0 85.6 
4.0 5.0 
185 202 
4.2 59.3 
29.3 37.0 
66.5 3.5 
0 0 
0 | 31 
0 52.6 
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Carotene upon Course of Gestation When Fat-Free Diet 667 without 
Essential Unsaturated Fatty Acids Is Fed (Table II)—The occasional 
failure to litter after implantation had occurred, a phenomenon 
characterizing the lack of vitamin E, led us to suspect possible 
inadequacy of vitamin E. The vitamin E was accordingly trebled 


TaBLeE II 
Reproduction Data on Rats Fed Fat-Free Diet 667 without Essential 
Unsaturated Fatty Acids 
At time of mating, additional supplements were added as noted. All 
rats had previously had | one poor litter. 











Vitamin | img. | Vitamins 
| carotene | A and D 
| trebled daily trebled 
No. of females in group.. hada ~ 4 4 4 
2 showing implantation s sign et ae — oo 4 
u “ and failing oe | | 
| BR att Ran avaang emacs Fy Bap ape, AS r- [ae 2° 
NR RSI EAE So AER be lie Mt eb _ | 2 2 
Average No. of young per litter............... ; “ee }° &es 2.0 
No. of young born dead................. ~~ 4 
Per cent of young born dead............. soc) CRS | 55.0 | 100.0 
No. of young born living.............. ch 5 0 
Per cent of young born living.. Peep Oe | 45.0 0 
Av erage weight of young at birth, gm.. \ 40 £48 0 
- “mothers at time of littering,| 
eee ee ie me ee eke 184 186 178 
No. of animals having 22 day guatation ported. | 0 1 0 
=. ” ™ Me . 2 0 2 
“ee ““c “cc “ce 24 “ “ “ 0 0 0 
“ “ “ “ 25 “ “ “ce b | 1 1 0 











. Autepay was performed on rats on 23rd day; no young found in one 
and one macerated young found in the other. 


by feeding the non-saponifiable matter from 1.5 gm. of wheat germ 
oil per week in the case of four animals. One of these continued 
to show the same phenomenon—failure to litter after the im- 
plantation sign—and the other three had prolonged gestation 
periods similar to most animals on the fat-free diet. 

Vitamins A and D were also increased by trebling the daily feed- 
ing of the non-saponifiable matter from cod liver oil. Again one 
of the four animals failed to litter after having shown the implanta- 
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tion sign, and the other three followed the usual course of gestation 
on the fat-free diet. 

Because of the high state of unsaturation of carotene, the possi- 
bility existed that it might exert a beneficial effect on the fat-free 
diet in the absence of the essential unsaturated fatty acids. Ac- 
cordingly, 1 mg. of carotene was fed daily to four animals. Two of 
them failed to litter after implantation and the other two behaved 
no differently from the animals on the fat-free diet. 

A summary of results of gestation without the essential unsatu- 
rated fatty acids follows. (1) About 95 per cent of the animals 
littering do so from 1 to 3 days late and 80 per cent of the young 
are born dead. (2) Both the number and weights at birth of the 
young are markedly subnormal. (3) In about 20 per cent of the 
cases there is failure to litter after implantation occurs, but inade- 
quate vitamin E is not the cause of these failures. (4) Vitamins 
A and D are not limiting factors. (5) The unsaturated compound, 
carotene, did not replace the essential unsaturated fatty acids. (6) 
Suckling did not occur. 

Gestation with Essential Unsaturated Fatty Acids—The addi- 
tion of the essential unsaturated fatty acids (Preparation 48-e) 
markedly affected the course of gestation (Table I). In every 
respect there were astonishing improvements. The average 
number of young born per litter was increased from 3 to 5.8 and the 
average weight from 4 to 5 gm. Only 14 per cent of the young 
were born dead as compared with 80 per cent when the essential 
unsaturated fatty acids were withheld. There were few prolonged 
gestation periods, 37 per cent littering on the 23rd day, and only 
4 per cent on the 24th day. 52 per cent of the pregnant females 
suckled their young as compared with none when the diet was not 
supplemented with the essential unsaturated fatty acids. 

Failures to litter were reduced from 20 to 6 per cent. Some al- 
lowance should be made for these, since all the animals did not 
receive the essential unsaturated fatty acids for the same length 
of time, but were maintained on the fat-free diet until, in many 
cases, characteristic deficiencies due to the absence of the essential 
unsaturated fatty acids set in. Such rats may have been so 
injured that the length of time the essential unsaturated fatty 
acids were administered was not sufficient to restore them fully to 
normal. 
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A summary of the results obtained in gestation when the essential 
unsaturated fatty acids were fed follows. (1) The characteristic 
prolonged gestation periods were greatly reduced. (2) The 
number of young per litter and their average weights at birth were 
definitely increased. (3) There was a marked reduction in the 
number of animals failing to litter. (4) The weight of the mothers 
at littering was greater, and the majority of them nursed their 
young. 


Lactation 


Results with Fat-Free Diet with Increased Amounts of All Known 
Vitamins—All the animals used for our lactation studies reported 
in this communication had received the active preparation of the 
essential unsaturated fatty acids (Preparation 48-e) before and 
during gestation. To eliminate any possible deficiency in the 
known factors during lactation, it seemed advisable to increase all 
the known accessory factors. The vitamin B supplement was in- 
creased by the daily addition of 0.8 cc. of Preparation 9-G, and 
the vitamin G supplement by the daily addition of 0.5 cc. of auto- 
claved liver extract (Preparation 53). The vitamin F supplement 
(the essential unsaturated fatty acids) was increased by raising 
the daily feeding of Preparation 48-e from 50 to 150 mg. The 
vitamin E supplement was increased by weekly feeding the non- 
saponifiable matter from 1.5 gm. of wheat germ oil instead of that 
from 0.5 gm. of the oil. Vitamins A and D were increased by the 
daily feeding of the non-saponifiable matter from 249 mg. of cod 
liver oil instead of that from 83 mg. of the oil. 

The mortality of the young in this experiment was very high 
(Table Til), only 51.6 per cent of the young being weaned, with an 
average weight at weaning.of 28.8 gm. The mothers gained on an 
average about 11 gm. during lactation. 

Results with Diet I (8) Plus Lettuce—When rats were changed to 
our stock Diet I on the day of littering, the results were quite 
different. The mortality was still quite high, 31 per cent dying 
before weaning time, but there was a distinct improvement in the 
weights of the young at weaning. The average weight was 34.5 
gm., which is more nearly the weight of normal young at that age. 
The mothers fared well, gaining an average weight of 24 gm. during 
lactation. 
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Results with Diets of Purified Ingredients Containing 25 Per Cent 
Lard or Butter Fat* with All Supplements Increased—When diets 
containing 25 per cent of lard or butter fat with all the supple- 
ments in increased amounts were fed, the lactation performance 
was as good as that encountered on our stock Diet I (Table ITI). 


TabLe III 
Lactation on Purified Diets to Which Were Added Increased Amounts of All 
Known Vitamins, Including Essential Unsaturated Fatty Acids (Vitamin 
F); Effect of Stock Diet I, 25 Per Cent Lard, and 25 Per Cent Butter Fat 
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Ses 8 5 Cj ats,5 

+205 | wSed | t2aq 

Fie atic | sic 

- 7? = 

|gh< | = | 3852] 328 

ie: ae ie Cee 
No. of females............. : a 3 6 4 
iti SOPRA reer ne 16 36 23 
Young dead before 5th day........ | ll 2 3 3 
= re os sepns i 3 0 1 

Average No. per litter................| 5 5 6 5.5 

“weight at birth, gm..... | 49] 49] 56] 5.4 

” “on 5th day... | 6.4 6.7 9.3 8.3 

_ " ee ga | 11.8 12.3 16.4 18.0 

i eS ee oJ, 18.4 21.7 26.3 22.9 

nj “at weaning..... ee 34.5 39.3 33.6 
Total gain in weight, per cent | 587 704 | 701 622 
No. weaned......... nino 6 | U | 33 19 

Per cent weaned............... ; 51.6 | 68.7 | 91.6 82.5 
Av. wt. of mothers at littering, gm..... 205 | 234 | 224 215 
=e eS na “ weaning, “ .. 216 | 262 238 | 229 
No. of mothers weaning young...... Sent 8 ei 
Average gain in weight of mothers,gm. 11 24 13 14 





* Two were killed accidentally. 


In both cases, the mortality of the young was definitely decreased. 
There was also great improvement in the weights of the young at 
weaning, an average of 39.3 gm. being attained by the young of 
mothers receiving the diet containing lard, and 33.6 gm. by the 

5 These diets contain casein L-XI, 30; sucrose, 41; lard or butter fat, 25; 
Salt Mixture 185 (5), 4. 
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young of mothers receiving the diet containing butter fat. On 
both diets the mothers made satisfactory gains during lactation. 
An apparent superiority of the diet containing lard was evi- 
denced by the unusually vigorous young, their weights at litter- 
ing averaging 5.6 gm., the highest recorded in these experiments. 

A summary of the results of lactation follows. (1) We may be 
permitted to disregard the high mortality in suckling young, since 
it continued to occur when mothers were shifted to an excellent 
diet of natural foodstuffs (Diet I) and is hence to a great extent 
attributable to malcondition of the young born from mothers 
reared on the fat-free diets. But poor lactation performance is por- 
trayed by the poor weights of the young at weaning, since these 
are markedly improved by shift in the maternal diet. Lactation 
was unsatisfactory on fat-free diets, regardless of the addition of 
increased amounts of all the known vitamins. (2) When the 
above diets contained 25 per cent butter fat or lard, increase in 
the weights at weaning to 33 gm. or more resulted. It appears 
therefore that appreciable amounts of certain fats are necessary 
for normal lactation in addition to need for the essential unsatu- 
rated fatty acids. (3) A diet of natural foodstuffs (Diet I) did not 
improve the weights at weaning beyond the improvement secured 
by the addition of 25 per cent butter fat or lard to our basic diet. 


SUMMARY 


1. Successful gestation upon the fat-free diet was not possible. 
There occurred a characteristic prolongation of gestation for from 
1 to 3 days, together with impairment of the birth mechanism. 
Small litters of undersized young were born dead or so weak that 
they died soon after birth. In a fifth of the cases there was failure 
to litter after positive placental sign (resorption). Some maternal 
mortality was encountered. Fortification with carotene, or in- 
creased amounts of vitamins A, D, or E, did not essentially modify 
the outcome. 

2. The addition of the essential unsaturated fatty acids resulted 
in marked improvement in all the abnormalities indicated. 

3. When all the known vitamins were added in increased amounts, 
lactation on the fat-free diet plus the essential unsaturated fatty 
acids was possible, but not highly successful, the weights of the 
young at weaning being still subnormal. Inclusion of 25 per 
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cent lard or butter fat, however, gave weights at weaning approach- 
ing normal, and diets of natural foodstuff could not confer greater 
improvement. 
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VITAL NEED OF THE BODY FOR CERTAIN UNSATURATED 
FATTY ACIDS 


V. REPRODUCTION AND LACTATION UPON DIETS CONTAINING 
SATURATED FATTY ACIDS AS THEIR SOLE SOURCE OF ENERGY* 


By HERBERT M. EVANS, SAMUEL LEPKOVSKY, ano ELIZABETH 
A. MURPHY 


(From the Institute of Experimental Biology, University of California, 
Berkeley) 


(Received for publication, March 20, 1934) 


Reproduction and lactation upon fat-free diets and the rdéle 
played by the essential unsaturated fatty acids have been reported 
in detail (1). The rédle of these essential unsaturated fatty acids 
in reproduction and lactation with diets whose sole source of 
energy consists of saturated fatty acids forms the subject of the 
investigation reported in this paper. Diet 675 used in this study 
consisted of casein L-XI (1), 40; hydrogenated coconut oil,' 60; and 
Salt Mixture 185 (2), 5. The usual vitamin supplements for fat- 
free diets were furnished by 1 gm. of ether-extracted brewers’ 
yeast? daily for vitamins B and G, non-saponifiable matter from 
83 mg. of cod liver oil daily for vitamins A and D, non-saponifiable 
matter from 0.5 gm. of wheat germ oil weekly for vitamin E, and 50 
mg. daily of Preparation 48-e (1) for vitamin F (the essential un- 
saturated fatty acids). The technique and materials used in this 
study were identical with those described (1) for the fat-free diet. 

Gestation without Essential Unsaturated Fatty Acids—When 
hydrogenated coconut oil (free from linoleic acid) served as the 
source of energy instead of sucrose, the results were markedly simi- 


* Aided by grants from the Research Board and the College of Agricul- 
ture of the University of California, and the Rockefeller Foundation. 

1 The coconut oil was furnished through the courtesy of Durkee Famous 
Foods, Inc., to whom we wish to extend our thanks. 

2 We wish to thank President R. M. Allen of the Vitamin Food Company, 
Inc., of New York for generously supplying a whole dried brewers’ yeast 
remarkably high in its content of the antineuritic vitamin B. 
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TaBLe I 





V 


Reproduction Data on Diet 675 Containing Hydrogenated Coconut Oil As 
Sole Source of Energy, with and without Essential Unsaturated Fatty Acids 

Females between 5 and 8 months old were used; essential unsaturated 

fatty acids were fed when the rats were 6 to 7 months of age. 











Per cent of mothers suckling young. . 





Diet 675 + 
Diet 675 mw 
fatty acids 
Total No. of females in group................. 18 16 
No. of females placed at least once with male.. 10 12 
Total No. of instances of estrous female placed 
et a ant ouaissineihen ee wer 26 23 
No. of matings resulting. ... 13 15 
og Ul rere re 50.0 65.2 
No. of matings showing sign of implantation... 11 15 
Per cent of matings showing sign of implanta- 
UN an 0h. Societe wide cokbkncddsidaenire'as 83.8 100.0 
No. of instances with implantation sign; no lit- 
os aa Bc alah back denned 2 0 
Per cent of failures to litter after implantation 
ET CL CRA ycaknnh nade as cae ¥ es qen aie as 18.1 0 
No. of litters... ; epee we 9 15 
Per cent of matings resulting i in n litter. each 69.0 100.0 
Average No. of young per litter. . 5d ee 3.5 5.3 
No. of young born dead........................ 20 6 
Per cent of young born dead................... 62.5 7.5 
No. of young born living....................... 12 74 
Per cent of young born living.................. 37.5 92.5 
Average weight of young at birth, gm.. 4.7 5.1 
“© mothers at time of littering, 
0 En Oe eS Pie ee ere Pe 131 165 
Per cent of animals having 22 day gestation 
Ce eae eG uh We EMET ER CeGNSLAERY ce. 9 11.1 86.0 
Per cent of animals having 23 day gestation 
Sas SW <hishds ceaecthin 5 Us Nire EWkokw da 22.2 14.0 
Per cent of animals having 24 day gestation | 
Ne ae cue eno Gals tga iuninioran keke | 33.3 0 
Per cent of animals having 25 day gestation | 
i encknh caichtiaith oaks <aos ; | 33.3 0 
No. of mothers suckling young. . 0 10 
0 66.8 
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lar to those obtained on the fat-free diet, Diet 667 (1) (Table I). 
About 18 per cent of the pregnant females failed to litter after 
implantation. The characteristic prolonged gestation periods 
(1) were numerous, 22 per cent littering in 23 days, 33 per cent in 
24 days, and 33 per cent in 25 days. The parturitions resulted in 
a large percentage of dead young, 62 per cent, and the living young 
were very weak, dying soon after birth. There was an average of 
3.5 young per litter with the low average weight at birth of 4.7 gm. 
per animal. Suckling did not occur. 

It is interesting that the outcome of gestations on this dietary 
regimen resembled strikingly that observed on the fat-free diet (1), 
although the mothers weighed on an average only 131 gm. in con- 
trast to an average of 185 gm. for those on the fat-free diet. The 
superior body weight of rats having sucrose as their sole source 
of energy when compared with those receiving the saturated fatty 
acids as the sole source of energy has already been pointed out (3). 

Gestation with Essential Unsaturated Fatty Acids—As in the case 
of the fat-free Diet 667, the addition of small amounts of the 
essential unsaturated fatty acids made a great difference in the 
course of gestation (Table I). There were no failures to litter 
after implantation, and no maternal mortality. Only 7.5 per cent 
of the young were born dead, and the average number per litter 
was increased from 3.5 to 5.3 and the average weight of the young 
increased from 4.7 to 5.1 gm. There were no very prolonged gesta- 
tion periods, 86 per cent littering on the 22nd day and 14 per cent 
on the 23rd day. 67 per cent of the mothers nursed their young. 

Lactation—Data on lactation were obtained on eight rats. No 
difference was noted with three rats on the usual supplements as 
contrasted with all the supplements increased in the case of two 
rats. Vitamins A, D, E, and F were trebled and an additional 
0.8 cc. of Preparation 9-G and 0.5 cc. of autoclaved liver extract 
(1) were added to increase vitamins B and G respectively. In 
either case, the rats were weaned at 21 days with an average 
weight of approximately 25 gm. The loss in weight of the mothers 
was reduced, however, from an average of 16 gm. to 3 gm. 

In the case of three rats, the mothers and young were transferred 
to our usual diet of natural foodstuffs (1) at littering. The young 
at weaning weighed 33 gm.; the mothers, instead of losing, gained 
an average of 49 gm. during the lactation period. 
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SUMMARY 


1. Gestation is unsuccessful upon diets with saturated fatty 
acids (hydrogenated coconut oil) as the source of energy, when 
vitamin F (the essential unsaturated fatty acids) is absent. 

2. The addition of vitamin F enables successful gestation to 


occur. 
3. Lactation is not normal even when all the known supplements 


are increased. 
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VITAL NEED OF THE BODY FOR CERTAIN UNSATURATED 
FATTY ACIDS 


VI. MALE STERILITY ON FAT-FREE DIETS* 


By HERBERT M. EVANS, SAMUEL LEPKOVSKY, ano ELIZABETH 
A. MURPHY 


(From the Institute of Experimental Biology, University of California, 
; Berkeley) 


PuaTE 1 


(Received for publication, March 20, 1934) 


INTRODUCTION 


Burr and Burr (1) have shown that male rats on fat-free diets 
are unable to sire normal young; that, indeed, they do not 
usually copulate and that the occasional copulation that does take 
place is infertile. It seemed of importance to extend this work to 
determine the testicular histological changes in this type of dietary 
sterility and the possibility of reinvoking fertility. 


EXPERIMENTAL 


These experiments were conducted upon twenty-five males born 
from mothers which had been reared upon the fat-free Diet 667 (2) 
and had been given enough of the essential unsaturated fatty acids 
to enable successful gestation and lactation to occur. Two groups 
of these males (of eleven and of fourteen animals respectively) 
were reared without and with the essential unsaturated fatty acids. 
The essential unsaturated fatty acids were furnished by the daily 
administration of 50 mg. of a preparation made from corn oil (2) 
(Preparation 48-e). When the rats were between 5 and 6 months 
of age, every male of both groups was offered an estrous female on 
five successive nights and the next morning careful search was made 
for the presence of plug or spermatozoa in the vaginal canal of the 
female. 

* Aided by grants from the Research Board and the College of Agri- 
culture of the University of California, and the Rockefeller Foundation. 
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Of the eleven rats reared without the essential unsaturated fatty 
acids, two were subjected to autopsy and the remaining nine rats 
on the unsupplemented fat-free diet were investigated to deter- 
mine whether the sterility developing upon such purified diets 
could be cured by the administration of the essential unsaturated 
fatty acids. Four of the nine males were accordingly fed 50 mg. 
daily of Preparation 48-e. After they had received the curative 
supplement for 6 weeks each of the nine rats was offered an estrous 
female several times weekly every alternate week through an ex- 
perimental period of 10 weeks, when they were all subjected to 
autopsy. The results of the experiment are given in Table I. 
Pertinent data obtained from rats reared with the essential un- 
saturated fatty acids are included for comparison. 


Results 


Of the fourteen males reared on the fat-free diet with the small 
daily supplement of the essential unsaturated fatty acids (50 mg.), 
ten copulated one or more times on five successive nights and nine 
of these ten sired twenty-one litters of young. The remaining 
four did not copulate, but on autopsy, motile spermatozoa were 
found in the epididymis of these animals as well as in all other 
members of this group (Table I). Histologically the testes of all 
these animals (Fig. 1) could not be distinguished from the testes 
of animals reared on natural foodstuffs. This confirmed strik- 
ingly the conception that only the small quantity of the essential 
unsaturated fatty acids which was fed is required for the preser- 
vation of normality of the reproductive system in males reared on 
these highly purified diets. 

In the group of eleven males on the fat-free diet without the essen- 
tial unsaturated fatty acids, the 55 attempted matings resulted 
in but a single copulation, as disclosed by a plug in which sperma- 
tozoa were absent. This evident impairment in sex interest is in 
contrast with its preservation for a significant portion of the life 
span in the male sterility occasioned by deficient vitamin E. 
This has already been pointed out by Burr and Burr (1) and is now 
confirmed by these studies. Autopsies were now performed on 
two males of the group; spermatozoa were not found in the epi- 
didymis, the reason therefor being evident when sections of the 
testes were prepared, for stages beyond the spermatocyte were not 
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found in any of the tubules, all of which were in various stages of 
degeneration (Fig. 2). The majority of the tubules were lined 
with spermatogonia and one or more layers of spermatocytes. 
Multinucleated giant cells were frequent in the lumen of tubules 
and a considerable number of tubules devoid of epithelial invest- 
ment were seen. But while the normal growth and transformation 
of the epithelium were thus prevented, forbidding especially the 
elaboration of ripe germ cells, the abundant residual epithelial 
tissue led us to expect restoration when the essential unsaturated 
fatty acids were added. This expectation was realized. Regen- 
eration of testes as regards weight and function was strikingly 
produced by the administration of the essential unsaturated fatty 
acids. 

Though sex interest was quickly restored in all the rats, only three 
out of the four rats became fertile. Matings were not attempted 
until the 7th week after the addition of the essential unsaturated 
fatty acids, by which time sex interest, but not yet fertility, was 
restored in two of the four cases (Rats BH-9182 and W-8474). In 
the two remaining cases, sex interest but not yet fertility was re- 
stored on the 9th week in one individual (Rat BH-8884), but in 
the other (Rat BH-9181), not until the 15th week, when fertility 
was also demonstrable. Three of the four rats became fertile, 
only one failing to sire young (Table I). Its testes were the 
lightest in weight but histological study showed it to possess many 
tubules with a completely restored epithelium (Fig. 3). The pic- 
ture, therefore, resembles that seen in the much rarer cases of 
cured male sterility due to low vitamin E where many of the tu- 
bules are lined by a completely normal epithelium showing sperma- 
togonia, spermatocytes, spermatids, and numerous spermatozoa, 
and other tubules are devoid of all cellular investment save the 
scattered scanty residual cells always seen after complete tubular 
degeneration in whatever way produced—elements usually desig- 
nated as Sertoli’s cells. Still other tubules showed one to three 
cell layers with or without the characteristic giant cells in their 
lumina. The three rats in which complete functional fertility 
had been proved possessed testes in which practically all the tu- 
bules, while small, had a completely normal epithelial investment, 
with here and there abundant ripe spermatozoa (Fig. 4), although 
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in every case, in places, an occasional empty and badly shrunken 
tubule was encountered. 

Our data have established the fact that grave degeneration of 
the testes occurs in the absence of the essential unsaturated fatty 
acids (Fig. 2), but that a regeneration of the epithelium of some 
tubules and a restoration of fertility can be provoked when the 
essential unsaturated fatty acids are fed after the testes have under- 
gone extensive morphological impairment and proved sterility has 
supervened. 

Thus in its amenability to a remedial diet, impairment of the 
male reproductive function due to deficiency in vitamin F resembles 
the impairment due to the deficiency in vitamin A (3) and is in 
contrast with impairment from lack of vitamin E. We can now 
state that in the case of vitamins A and F, structural and functional 
restoration results from curative feeding of the required vitamin 
after the existence of sterility has been proved, while restoration 
is much more difficult or impossible to achieve after proved sterility 
supervenes from deficiency in vitamin E. 


SUMMARY 


Males on fat-free diets invariably become sterile. The addition 
of small amounts of the essential unsaturated fatty acids can cure 
as well as prevent this sterility. 
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EXPLANATION OF PLATE 1 


Fig. 1. Testis of Rat BH-9192 at 142 days of life when reared on fat-free 
diet plus the essential unsaturated fatty acids. X 94. 

Fig. 2. Degeneration in testis of Rat W-9171 at 9 months of age reared 
on fat-free diet without the essential unsaturated fatty acids. X 94. 

Fra. 3. Showing complete repair in some tubules and complete degener- 
ation of others in testis of Rat W-8474 reared on fat-free diet for 9 months 
and receiving the essential unsaturated fatty acids for 16 weeks. X 94. 

Fig. 4. Rat BH-8884 treated as was rat in Fig. 3, but showing practically 
complete repair of testis. (A few degenerative tubules were encountered.) 


xX 94. 
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(Evans, Lepkovsky, and Murphy: Unsaturated fatty acids in diet. VI) 
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A MODIFICATION OF THE METHOD FOR DETERMINING 
METHIONINE IN PROTEINS 


By HARRY D. BAERNSTEIN 


(From the Department of Physiological Chemistry, University of Wisconsin 
School of Medicine, Madison) 


(Received for publication, May 25, 1934) 


In 1932 (1) the author published a method for determining 
methionine in proteins based on the recovery of methyl iodide. 
Alcoholic silver nitrate was used as absorbant and the excess of 
silver nitrate was titrated with thiocyanate after filtering off the 
silver iodide. This method was quite satisfactory and has been 
used recently by Barritt (2) for the determination of methionine 
in wool. Certain difficulties in the handling of the alcoholic silver 
nitrate and in the treatment of the silver iodide were experienced, 
however, and therefore a search was made for a better absorbant. 

My attention was called to the new method of Viebéck and 
Schwappach as modified by Clark (3), in which a mixture of 
glacial acetic acid, potassium acetate, and bromine is used to ab- 
sorb methyl iodide in the determination of methoxyl groups. 
Methyl iodide is converted to iodate and the iodine liberated there- 
from by potassium iodide and sulfuric acid is titrated with thiosul- 
fate. This is considerably more accurate than the silver titration, 
and much simpler. 

A complication arises, however, if the hydriodic acid used con- 
tains hypophosphite. During the heating the excess of hypophos- 
phite is converted to phosphine, which is oxidized by the bromine 
to phosphate, and the scrubbers become clogged. In order to pre- 
vent this, a scrubber containing saturated mercuric chloride solu- 
tion is introduced into the absorption train between the cadmium 
sulfate (or chloride) serubber, and the acetic acid absorbers. In 
order to eliminate the small quantities of methyl iodide held back 
by these first two scrubbers, they are immersed in warm water 
kept heated by the stream which runs through the condenser. 
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Several minor changes have been made in the apparatus. The 
upper ground joint has been removed and all-glass absorbers have 
been substituted for those holding rubber stoppers. 

The recovery of methyl iodide from methionine is quantitative, 
the average for many determinations being 99.5 + 2.0 per cent. 

The rate of liberation of methy] iodide has been studied, and the 
results show that usually 3 hours are sufficient to continue the 
heating and aeration. The curve is practically identical for pure 
methionine and for proteins. 

The question of the residue from methionine which remains 
behind in the acid is of some interest. On general principles one 
should expect an equivalent quantity of homocysteine. Butz and 
du Vigneaud (4), however, report only small amounts detectable 
with the Folin and Marenzi reagent (5). We have confirmed this. 
Homocystine is not a possibility, since, if formed, it would immedi- 
ately be reduced by the hydriodic acid. 

This finding is all the more surprising in view of the fact that 
the nitroprusside reaction of the digests for sulfhydryl] is strongly 
positive and remains so indefinitely, although cysteine solutions 
similarly treated will lose their sulfhydryl reaction in a few hours. 
Furthermore, the digests of methionine after dilution will not 
reduce iodine, although cystine digests will. 

In order to identify this methionine residue a preparation was 
made as follows: 1.0 gm. of methionine was boiled for 10 hours 
with 20.0 ce. of hydriodic acid (57 per cent containing 1.0 per cent 
H;PO,.). The digest was evaporated to dryness on a water 
bath. The crystals which formed were dissolved in hot absolute 
alcohol and precipitated with 3 volumes of pure ether. A fine 
white powder was collected on the filter and washed with ether. 
This treatment suffices to give a pure product. On analysis this 
proved to be the thiolactone of homocysteine hydroiodide (Fig. 1). 
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Thiolactone hydroiodide 


Calculated. —SH 13.47, NH:-N 5.72, N 5.72, S 13.06, I 51.8 
Found. “ 13.17, “ 5.72, “ 5.47, “ 18.01, “ 50.4 























H. D. Baernstein 453 


This lactone, while more easily hydrolyzed than those of the 
oxygen series, requires more alkali than that contained in the 
Folin and Marenzi procedure. 

The opening of the ring and the consequent liberation of the 
sulfhydryl group may be demonstrated with the nitroprusside 
reaction. If a little sodium nitroprusside is placed in a test-tube 
with about 2.0 cc. of a solution of thiolactone and 2 drops of 
concentrated ammonium hydroxide are added, no color will appear 


= 
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Fig. 1. Crystals of thiolactone of homocysteine hydroiodide 


for about 15 seconds, after-which it gradually deepens and reaches 
its full intensity in about 2 minutes. If the experiment be re- 
peated with cysteine, the color appears at once upon the addition 
of ammonium hydroxide. 

The ninhydrin reaction is interesting. In slightly acid solution 
thiolactone gives the usual blue color but cysteine hydrochloride 
gives ared color. In slightly alkaline solution thiolactone gives a 
red color as other amino acids do. We can therefore use this test 
only to prove the absence of the sulfhydryl group in thiolactone 
and the presence of a-amino nitrogen. 
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The Sullivan reaction (6) is negative on thiolactone, as was to 
be expected, since it has been shown that homocysteine is also nega- 
tive. The reaction takes place in strong alkali in which thiolac- 
tone would be converted into homocysteine. 

Recovery of Methyl Iodide and Thiolactone— Four flasks, each con- 
taining 20.0 mg. of methionine and 10.0 cc. of hydriodic acid (57 per 
cent containing 1.0 per cent hypophosphorous acid), were boiled 
on the reflux apparatus for 5 hours and aerated with CO... The 
condenser temperature was 50°. The methyl iodide was washed 
with 20 per cent cadmium chloride and a saturated solution of 
mercuric chloride and absorbed in 10.0 ce. of glacial acetic acid 
containing 10.0 per cent potassium acetate and 6 drops of bromine. 
A second such absorber is always used to insure complete recovery. 


TABLE I 


Determination of Methionine in Proteins 











Methionine 
New method | Silver titration 
per cent per cent 
IS iin SL ieioeite ain howe ieneine de set 5.24 4.57 
esi) we bancbuiek a Rae ue Seigdien amuwhee s 2.39 2.07 
08S en send oa od shied annie nian 2.59 2.40 
RE Se nee pre ae eee eee 3.50 3.53 
Egg albumin (Merck).................... 5.10 5.29 
ne Ce i niu nan ak aa a aA 2.62 2.63 





At the end of the period the methyl iodide absorbers were rinsed 
into 100 cc. volumetric flasks containing 25.0 ec. of 25 per cent so- 
dium acetate. A few drops of formic acid (sp. gr. 1.20) were added 
to reduce the excess bromine and the flasks whirled. 6 drops more 
of formic acid were added and the mixture was diluted to the mark. 
25.0 ce. portions were added to 1.0 gm. of potassium iodide and 
5.0 ec. of 10 per cent H,SO, and the iodine was titrated with 0.05 n 
Na2S.O; with starch as indicator. 

The digests were concentrated to about one-third their volume 
by simply draining the condensers while the flasks were boiling 
and connecting the outlet to a vertical condenser, kept cold. They 
were then rinsed into 50.0 cc. volumetric flasks with 0.5 n HCl 
which had been deaerated at the water pump. 
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5.0 cc. of the diluted digest were measured into 100 cc. volu- 
metric flasks and 2.0 cc. of 20 per cent Na,SOs;, 1.0 ce. of 25 per 
cent NaOH, and 5.0 cc. of the Folin and Marenzi cystine reagent 
were added. After standing 3 to 4 minutes the mixtures were 
diluted to the mark with 3 per cent Na2SO; and compared with a 
cystine standard. This standard is made by diluting a stock solu- 
tion of cystine in hydriodic acid with 0.5 n HCl. 

The results of the iodine titration when calculated as methionine 
gave 19.95, 19.50, 20.4, and 19.8 mg., while the colorimetric method 
for thiolactone gave 19.5, 19.5, 19.8, and 18.8 mg. 

Analysis of Proteins—0.5 gm. of protein is sufficient for a deter- 
mination. The procedure is the same as given above with the 
analysis of the digest omitted, and the results obtained with several 
common proteins are given in Table I. These figures compare 
favorably with those previously reported. 

It is possible to determine cysteine in the hydriodic acid digest. 
We are now working out the details and expect to publish the results 
soon. 

By acidifying the cadmium chloride solution the hydrogen sulfide 
can be blown into standard iodine solution and thus this fraction 
can be also determined. 

The origin of the hydrogen sulfide is still unknown. It might 
come from cystine, methionine, or sulfates, or some still unidenti- 
fied constituent of proteins. The amounts obtained so far are very 
small. 


The author wishes to thank Professor K. P. Link for reeommend- 
ing the Viebéck and Schwappach modification and Professor 8. M. 
McElvain for suggesting the possibility of thiolactone formation. 


SUMMARY 


A new absorbant for methyl] iodide is substituted for alcoholic 
silver nitrate in the determination of volatile iodide resulting from 
boiling proteins with hydriodic acid. 

Mercuric chloride has been introduced in the absorption train 
to remove phosphine arising from hypophosphite used to keep 
hydriodic acid reduced. 

A new derivative of methionine has been isolated from hydriodic 
acid digests of methionine in which the sulfhydryl group of homo- 
cysteine forms a thiclactone with the carboxy! group. 
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Several common proteins have been analyzed for methionine 
by the improved technique. 
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THE DETERMINATION OF THE BASIC AMINO ACIDS 
IN SMALL QUANTITIES OF PROTEINS BY THE 
SILVER PRECIPITATION METHOD 


By RICHARD J. BLOCK* 
(From the Department of Physiological Chemistry, Yale University, 
New Haven) 


(Received for publication, June 5, 1934) 


The determination of arginine, histidine, and lysine among the 
products of protein hydrolysis was first successfully carried out by 
KXossel and Kutscher (1) in 1900. Their method has been re- 
peatedly modified, especially by Vickery (2-7). In the present 
paper are described further modifications of this method, which 
permit relatively accurate determinations of the bases in quanti- 
ties of proteins as small as 2 to 5 gm. 


EXPERIMENTAL 


Hydrolysis—2.50 gm. of protein are hydrolyzed with 25 cc. of 
dilute sulfuric acid (40 ec. of concentrated sulfuric acid added to 
140 cc. of water) for 18 to 24 hours. The hydrolysate is cooled, 
transferred to a 250 cc. Pyrex centrifuge bottle, and diluted to 
about 100cc. 30 gm. of Ba(OH).-8H:0 are dissolved in 100 cc. of 
hot water and poured into the hydrolysate. The resulting reac- 
tion of the solution should be between pH 3 and 6; if not, it must 
be adjusted to this range. The barium sulfate is centrifuged off 
and then suspended in 200 cc. of boiling water with the aid of a 
mechanical stirrer, the rapid stirring being maintained for 5 min- 
utes. The suspension is again centrifuged and the precipitate is 
discarded. The filtrates are concentrated in vacuo at low tempera- 
ture (50°) to 25 ce. The rate of distillation can be increased by 
the use of caprylic aleohol. All distillations, with one exception, 
are carried out in a special apparatus that permits rapid distillation 
in a vacuum at low temperature. 


* Standard Brands, Inc., Fellow, 1932-34. 
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Histidine—The concentrated amino acid solution is transferred 
to a 100 cc. centrifuge tube. The filtrate and washings at this 
point should not exceed 50 cc. Saturated silver nitrate solution 
is added until a drop of the supernatant liquid gives a voluminous 
brown precipitate when added to a drop of barium hydroxide. 
Cold saturated barium hydroxide solution is slowly added with 
rapid stirring by an electric motor, until the reaction has reached 
pH 7.0 to 7.4. This is determined by the greenish blue color pro- 
duced when a drop of brom-thymol blue solution is added. The 
stirrer must be stopped for this test. If the solution gives the 
faintest trace of a pink color with phenolphthalein, sulfuric acid 
must be added to pH 4 to 5 and the barium hydroxide precipitation 
repeated. The histidine silver precipitate is centrifuged off, sus- 
pended in water, and again centrifuged. The combined filtrates 
are immediately acidified with sulfuric acid (25 per cent) to pH 5 
and concentrated in vacuo to 25 ce. (see “Arginine”’). 

While these filtrates are being concentrated, the histidine silver 
precipitate is suspended in water, acidified to pH 5 to 6 (red to 
litmus paper), and decomposed by passing a stream of hydrogen 
sulfide into the bottom of the centrifuge tube while the suspension 
is being rapidly stirred. The reaction is complete as soon as the 
silver sulfide appears to coalesce, that is in 5 to 10 minutes. The 
precipitate is centrifuged, washed once with water, and the com- 
bined filtrates are concentrated in vacuo to 5 cc., poured into a 50 
cc. centrifuge tube, and diluted to 10 ce. 30 cc. of a saturated solu- 
tion of mercuric sulfate in 5 per cent (by weight) sulfuric acid are 
added to the warm solution (35—40°) and the tube is placed in the 
ice box for 3 to 5 hours. The histidine mercury percipitate is then 
centrifuged off and washed once with the mercuric sulfate reagent. 
The filtrates are discarded. The precipitate is suspended in water 
and decomposed by hydrogen sulfide as already described. In 
this case also, the end-point of the reaction is easily ascertained by 
the deep black color of the suspension and its speedy settling 
when the motor is stopped. The mercuric sulfide is centrifuged 
and washed, and the filtrates are concentrated in vacuo to 10 cc., 
neutralized to litmus paper with barium hydroxide, a pinch of 
barium carbonate is added, and the solution is heated to boiling 
under a reflux condenser. As soon as the solution has begun to 
boil, a slight excess of solid cupric hydroxide or carbonate is added, 
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and the heating is continued 15 to 30 minutes longer. The super- 
natant liquid should be deep blue at this point. The histidine 
copper solution is cooled in ice water for $ hour, after which the 
precipitate is centrifuged off and washed. Sufficient dilute sul- 
furic acid is added to the filtrate to cause the color to change to a 
yellow-green. The copper is removed by hydrogen sulfide and the 
purified histidine solution is concentrated in vacuo to 50 cc. The 
histidine can then be estimated by a nitrogen determination, by 
the Kapeller-Adler method (8)! or preferably by the isolation of the 
diflavianate. The isolation is accomplished after the remaining 
histidine solution is concentrated to 1 to 2 cc. in vacuo by the addi- 
tion of 15 mg. of solid flavianic acid (2, 4-dinitro-1-naphthol-7- 
sulfuric acid) for every mg. of nitrogen present to the hot solution. 
The histidine diflavianate is allowed to crystallize in the ice box 
for 2to3days. It is then filtered, washed with a little cold aleohol 
and with alcohol-ether mixture, and is finally dried at 100°. The 
histidine diflavianate must remain a pale yellow color after being 
dried; if any orange color develops, monoflavianate (9) is present 
and the determination is worthless. Should this occur the prepa- 
ration is redissolved in the mother liquor and more flavianic acid 
is added. 

Arginine—The concentrated amino acid solution remaining after 
precipitation of the histidine is transferred to a 100 cc. centrifuge 
tube and more silver nitrate is added if necessary. The arginine 
is then precipitated by the addition of hot saturated barium hy- 
droxide to pH 13 to 14. It is very important to make this solution 
strongly alkaline. The arginine silver precipitate is centrifuged 
and washed once with cold saturated barium hydroxide. Lysine 
is isolated from the filtrate. The arginine silver precipitate is 
suspended in water, acidified to pH 5 with dilute sulfuric acid, and 
decomposed by hydrogen sulfide. The precipitate is centrifuged 
and washed once with water. The filtrates are concentrated in 
vacuo to 20 ce., poured into a 100 cc. centrifuge tube, and the reac- 
tion of the solution is readjusted to pH 5 to 6 with barium hydroxide. 
The precipitate is centrifuged, washed, and diluted to 100 cc. An 
aliquot part of this solution is removed for the determination of 


1T am indebted to Dr. F. A. Csonka for suggesting the use of this 
method, He had successfully employed it for some time before my pre- 
vious publication (13). 
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nitrogen. The remainder is concentrated in vacuo to 10 cc., 
heated to 90-100°, and the calculated amount of flavianic acid, 
dissolved in the minimal amount of hot water, is added (6 mg. of 
flavianic acid are used for every mg. of nitrogen in the arginine 
fraction). The solution is cooled, placed in the ice box for 2 to 3 
hours, and the arginine flavianate is filtered, washed with ice 
water, alcohol, and ether, dried at 100° for a few minutes, and 
weighed. 

Lysine—The strongly alkaline filtrate from the arginine silver 
precipitation is immediately acidified to pH 1 with sulfuric acid 
and the silver is removed by hydrogen sulfide. The precipitate 
is washed, and the combined filtrates are poured into a 1 liter 
round bottom flask. The amino acid solution is concentrated to 
5 to 10 cc., a few drops of a 1 per cent alcoholic solution of phenol- 
phthalein are added, together with sufficient 40 per cent sodium 
hydroxide to produce a reddish purple color; 25 to 50 cc. of aleohol 
are added and the ammonia is removed by concentration in 
vacuo. The solution is concentrated to 5 cc., and sufficient 20 
per cent sulfuric acid is added to discharge the red color. The 
acid solution is poured into a 100 cc. centrifuge tube, diluted to 
29 to 30 cc., and 1.1 cc. of concentrated sulfuric acid are added; 
any small precipitate of silver sulfide or barium sulfate is centri- 
fuged off and washed with 1 to 2 cc. of water. The clear solution 
is then transferred to another 100 cc. centrifuge tube, heated on 
the steam bath to 90—95°, and 50 cc. of a hot 20 per cent solution 
of phospho-24-tungstic acid (Mallinckrodt) in 5 per cent (by 
weight) sulfuric acid are added with stirring. No precipitate 
should form during the addition of the phosphotungstic acid. 
The solution is quickly cooled and placed in an ice bath for 30 min- 
utes. The crystalline lysine phosphotungstate is centrifuged, 
suspended in a 2 per cent solution of phosphotungstic acid in 5 
per cent sulfuric acid by means of the electric stirrer, and again 
centrifuged. This washing is repeated once more. The lysine 
phosphotungstate is suspended in distilled water containing 1.0 ce. 
of sulfuric acid and is decomposed by extracting the phosphotung- 
stic acid by means of an amy] alcohol-ether mixture (1250 cc. of 
ether, 1000 cc. of amyl alcohol, 50 cc. of ethyl alcohol). The 
aqueous phase is extracted three times by the alcohol mixture, the 
combined organic solvents are reextracted with water containing 
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a drop of sulfuric acid, and this water layer is again extracted with 
amyl alcohol-ether. The combined aqueous solutions are finally 
extracted with a fresh portion of organic solvent. The clear, 
colorless lysine sulfate solution is washed into a 250 cc. centri- 
fuge tube and 5 gm. of Ba(OH)2-8H20 dissolved in 20 cc. of hot 
water are added. The solution must be acid to litmus at this 
point. The lysine solution is warmed on the steam bath for a 
few minutes and 2.0 gm. of powdered barium carbonate are added. 
After the carbonate is stirred for a few seconds, the precipitate is 
centrifuged and washed once with water. The combined filtrates 
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are transferred to a 1 liter flask, together with 3 cc. of caprylic 
alcohol and 1.0 gm. of, barium carbonate. The solution is con- 
centrated in vacuo to 50 cc., the precipitate is centrifuged and 
washed with water, and the solution is diluted to 100 cc. The 
nitrogen content is determined on a small aliquot part. The rest 
of the lysine carbonate solution is concentrated in vacuo in a 
Claisen flask with a detachable neck (Scientific Glass Apparatus 
Company, No. 1390) to 1 to 2.cc. The capillary and sides of the 
vessel are washed down with 5 to 10 ce. of 93 per cent alcohol. If 
more than a slight amount of a white flocculent precipitate appears, 
a drop or two of water should be added. The lysine solution is 
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cooled to room temperature and 8.1 mg. of purified picric acid (10) 
dissolved in warm alcohol are added for every mg. of lysine nitro- 
gen. The lysine picrate, which should crystallize out immediately 
on cooling, is placed in the ice box for 2 to 3 hours, filtered, washed 
with a cold alcohol-ether (1:1) solution, and dried at 100° for a 
few minutes, and weighed. 

The results of the analysis may be calculated from the following 
factors: histidine diflavianate X 0.198 = histidine; arginine flavia- 
nate X 0.3566 = arginine; lysine picrate X 0.39 = lysine. 

A complete analysis may be conducted in 8 working hours after 
some experience has been obtained. 

As an illustration of the accuracy and reproducibility of the 
results, the data in Table I are given. Many analyses carried out 
by this technique have been published elsewhere (10—13). 
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The Henderson (1909-10) equation 


, [Hal 
(1) {H ] =K [Bal 
relating hydrion concentration in buffer acid solutions to the ratio, 
free acid:alkali salt, has been frequently applied to the calcula- 
tion of pH from H:CO; and BHCQ; in the blood, particularly since 
Hasselbalch (1916) transformed the equation for this purpose into 
logarithmic forms. 


[BHCO;] 
[H:COs] 





(2) pH = pK’ + log 


or 


[CO,] om 0.0591 ap 
0.0591 ap 





(3) pH = pK’ + log 


{[BHCO3], [H:COs], and [CO,] indicate millimolar concentrations 
of bicarbonate, free carbonic acid, and total CO, respectively; a 
is the Bunsen solubility coefficient of CO.; p is the CO, tension in 
mm. of mercury; 0.0591 ap = [H:CO;]; pK’ is the negative loga- 
rithm of the apparent first dissociation constant of carbonic acid. 


*A preliminary communication concerning this work was delivered at 
the XIVth International Physiological Congress at Rome (Sendroy, Seelig, 
and Van Slyke, 1932). 

t Fellow of the Rockefeller Foundation on leave of absence from the 
Charité Krankenhaus, Berlin, Germany. 
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The accuracy with which the equation can be applied depends 
upon the exactness with which the constants, pK’ and a, are known 
for the particular solution investigated. For serum a number of 
authors have determined the value of pK’, and the results have 
been summarized by Hastings, Sendroy, and Van Slyke (1928), 
who found the value to be 6.10 + 0.03. The value of a for normal 
serum has also been determined and found to be quite constant 
at 0.510, 93.4 per cent of the value in water (Van Slyke, Sendroy, 
Hastings, and Neill, 1928). 

For studies of urine, on the other hand, there has been relatively 
little application of this equation. Gamble (1922), who used 
Equation 2 to calculate H,CO; content from urine pH and CO, 
content, appears to be the first author to apply it to a physiologi- 
cal investigation. He used the same value for pK’, 6.1, which 
had been found for serum. He did not calculate CO, tension 
values, and hence did not require a value for a. Mainzer and 
Bruhn (1931) later determined a and pK’ values in twenty urine 
specimens, and found such wide variations in these values that ac- 
curate application of the Henderson-Hasselbalch equation to urine 
by the use of average a and pK’ values appeared to be impossible. 
Mainzer and Bruhn, for their pK’ calculations, determined pH 
with the quinhydrone electrode. Their a values were determined 
by a technique modeled in most details after that used by Van 
Slyke, Sendroy, Hastings, and Neill (1928). Mainzer and Bruhn’s 
values of a and pK’ have thus far remained the only ones in the 
literature. 

In the present paper we have redetermined the values of a and 
pK’ for human urine, with precautions outlined below. The pK’ 
values have been determined with the standard hydrogen elec- 
trode. 


EXPERIMENTAL 


The Bunsen solubility coefficient, a, was obtained by practically 
the same procedure used by Van Slyke, Sendroy, Hastings, and 
Neill (1928), in estimating it for serum, except that in most of the 
present determinations an analyzed mixture of CO, and air was 
used as the saturating gas instead of pure CO,. The same results 
were obtained by both procedures. The CO, content of the air- 
CO, mixtures, at the end of saturation, was measured by analysis, 
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either in the Haldane apparatus or in the manometric apparatus 
according to Van Slyke, Sendroy, and Liu (1932). Before satura- 
tion, the urines were acidified with HCI to a pH below 3.5. The 
applicability of HCl, and its relatively slight effect on a, have been 
discussed on p. 783 of Van Slyke, Sendroy, Hastings, and Neill 
(1928). Values of a were calculated according to Equation 4 
(Equation 2 of the latter authors). 


[CO] _, 760 Ve 
(4) a= m > * te 


_ [Coal 





7.57 


Vp and V3 represent respectively the volumes occupied by 1 
gram of the solution at room temperature, when analyzed, and 
at 38°, the temperature of saturation. The factor 7.57 includes 
the value of Vp/V ss» when the room temperature is 24-27°. Sol- 
ubility coefficients calculated by Equation 4 were subsequently 
corrected for the slight effect of the added HCl. 

The value of pK’ was obtained essentially by the procedure 
applied by Hastings, Sendroy, and Van Slyke (1928) for deter- 
mination of pK’ in serum. For each experiment, enough urine 
for several analyses and fillings of the electrode vessel was satu- 
rated at 38° with a mixture of CO. and H:. After saturation was 
complete, a portion of the gas mixture was analyzed for CO,. The 
rest of the same gas mixture was then used in the pH determina- 
tions made in the Clark-Cullen electrode vessel. Duplicate pH 
values uniformly agreed within 0.005 unit. The CO, contents of 
the saturated urines were determined with the Van Slyke-Neill 
apparatus as described on p. 299 of Peters and Van Slyke (1932). 
Samples of appropriate size were taken to secure the maximum 
accuracy for values of [CO] of 1 part in 300. 

Total base was determined in the urine by a modification of 
Fiske’s (1922) method. The phosphates were removed by Hoff- 
man’s procedure (1931), the bases were ashed to sulfates, and the 
SO, was weighed as BaSO,. Enough urine, 10 or 15 cc., was used 
to yield 0.2 or 0.3 gram of BaSO,. 

Specific gravity readings were made with an ordinary bulb hy- 
drometer. The gravities were read to 0.001, and are thus recorded, 
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although calibration of the instrument against determinations by 
weight indicated its accuracy to be limited to 0.003. 
RESULTS 
Solubility of CO, in Urine at 38° 


Our twenty-two values for a in Table I vary from 0.536 to 0.498, 
with an average of 0.522 + 0.008. Figs. 1 and 2 show the decrease 

















TaBiez | 
Values of CO, Solubility Coefficient in Human Urine ai 38° 
Urine No. Total base > | oa OO» contant a* 
| m.-eq. per l. mm. vol. percent | po Tas 

1 | 255 1.030 91.1 6.28 0.524 
2 | 246 1.024 122.3 8.08 0.504 
os 63 1.008 100.7 7.11 0.536 
4 | 247 1.031 109.6 7.24 0.503 
5 | 254 1.035 710.8 46.48 0.498 
6 | (198 1.018 110.6 | 7.60 0.524 
Baca 68 1.011 109.2 7.56 | 0.528 
8 76 1.012 107.0 7.34 | 0.523 
9 140 1.023 109.5 7.62 0.531 
10 | 222 1.026 111.2 7.51 | 0.515 
—_ 93 1.009 110.8 | 7.74 | 0.582 
12 | 151 1.013 11.3 | 7.59 | 0.520 
13 CO 79 1.007 108.6 7.57 0.530 
4 54 1.019 107.0 | 7.43 0.529 
1 | 167 | 1.010 105.2 | = 7.27 0.527 
1 | 176 1.019 110.1 | 7.50 0.518 
17 | 109 1.025 109.9 | 7.64 | 0.530 
18 136 1.019 107.0 | 7.34 | 0.622 
19 | 125 1.015 108.9 | 7.49 0.524 
20 95 1.020 108.9 | 7.56 0.530 
21 | 1.017 107.6 7.24 0.513 
22 | 60 1.010 105.7 7.39 0.532 
Average........ 0.522 


* Corrected for effect of added HCI. 





in a with increasing total base content and specific gravity. The 
dashed lines in Fig. 1 indicate the solubilities which Van Slyke, 
Sendroy, Hastings, and Neill (1928) found in aqueous chloride 
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and acid phosphate solutions. Most of the urine values fall be- 
tween those for solutions of KC] and NaH,PO, of the same total 
base concentration. Urea, the only non-electrolyte normally 
present in sufficient concentration to affect a significantly, in 
maximal concentration (0.5 m or 3 per cent) lowers a by only 0.008 
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Fig, 1. The relationship between the CO, solubility coefficient of urine 
and its salt content. All points are for urine. Dotted lines are for salts, 
taken from Van Slyke, Sendroy, Hastings, and Neill (1928). 


unit (Usher, 1910). Hence it is to be expected that the lowering 
of a of urine below that of water is chiefly a function of the salts, 
of which ordinarily the most abundant are chloride and acid 
phosphate. 

Mainzer and Bruhn’s (1931) values of a for twenty urines extend 
ne from 0.441 to 0.514, with an average of 0.482. Their average is 8 
e, per cent below ours, and a number of their values are lower than 
any we obtained in the most concentrated urines. 
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Mainzer and Bruhn’s technique, like ours, followed in general 
that of Van Slyke, Sendroy, Hastings, and Neill (1928); but Main- 
zer and Bruhn introduced the following changes first. They kept 
their samples under mineral oil saturated with the equilibrating 
gas mixture of CO, and air, instead of confining them in closed 
containers over mercury. Second, in transferring their samples of 
urine to the manometric apparatus, they apparently used open 
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Specific gravity at 24-27° 
Fia. 2. The relationship between the CO, solubility coefficient of urine 
and its specific gravity. 


pipettes instead of the special closed pipette described in Section 
XII of Van Slyke and Neill (1924). It is possible that these 
differences in technique may have caused CO, losses and the com- 
paratively low results of Mainzer and Bruhn. 


pK’ of Urine at 38° 


Our data in Table II give pK’ values in urine averaging 6.10 + 
0.07. The maximum deviation from the average value is +0.13. 
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Tasie II 
Values of pK’ in Human Urine at 38°* 
CO: | CO, | ':00s | iBHCO, corvested pH 
Urine | Content | tension |;, dividual from to 760mm. Eo deter- pK’ 
No. analyzed | analyzed @ and (b) (a) — (ec) H: mined 
pressure 
(a) (b) (ec) (d) (e) 169) (9) (a) 
mm per l. mm. mM per l.| ma perl. | millivolts |millivolts 

1 2.030 | 59.6 1.845 0.185 | 558.2 | 236.6 | 5.213 | 6.212 

2 69.38 59.1 1.760 | 67.62 707.5 | 236.6 | 7.633 | 6.048 

3 3.813 59.7 1.891 1.922 | 616.2 | 236.8 | 6.150 | 6.143 

4 2.291 62.0 1.843 0.448 | 568.7 | 236.8 | 5.480 | 5.995 

5 2.216 | 58.3 1.715 0.501 | 576.5 | 237.1 | 5.502 | 6.036 

6 13.40 59.5 1.843 | 11.56 660.5 | 236.8 | 6.868 | 6.070 

7 1.993 | 58.2 1.816 0.177 | 554.1 | 237.1 | 5.139 | 6.150 

8 1.970 | 58.1 1.792 0.178 | 551.8 | 236.7 | 5.108 | 6.110 

9 13.33 59.9 1.880 | 11.45 660.9 | 236.7 | 6.876 | 6.091 
10 2.096 61.4 1.870 0.226 | 559.9 | 236.6 | 5.241 | 6.159 
11 3.387 | 61.7 1.940 1.447 | 608.2 | 236.8 | 6.020 | 6.147 
12 16.63 58.6 1.801 | 14.83 668.4 | 236.7 | 6.998 | 6.082 
13 3.105 58.4 1.831 1.374 | 595.3 | 236.5 | 5.816 | 5.973 
14 2.189 | 58.2 1.819 0.370 | 573.0 | 236.6 | 5.453 | 6.144 
15 15.51 58.9 1.835 | 13.67 667.3 | 236.7 | 6.980 | 6.108 
16 4.897 58.5 1.791 3.106 | 624.7 | 236.4 | 6.294 | 6.055 
17 1.990 56.2 1.761 0.229 | 589.8 | 236.3 | 5.244 | 6.130 
18 2.115 59.4 1.833 0.282 | 564.1 | 236.8 | 5.306 | 6.119 
19 2.031 | 58.6 1.815 0.216 | 556.3 | 236.8 | 5.179 | 6.103 
20 8.38 60.2 1.885 6.49 648.2 | 236.7 | 6.670 | 6.133 
21 2.371 60.3 1.827 0.544 | 575.8 | 236.4 | 5.501 | 6.027 
22 2.333 60.3 1.912 0.421 | 577.2 | 236.4 | 5.524 | 6.182 
pe ete Oe Ped | FES mee ey errr, 








* Individual values of a and total base for each urine are given in Table I. 


Fig. 3 shows that the variations of pK’ in urine are related to 
variations in total base content. Hastings and Sendroy (1925) 
have shown that pK’; of carbonic acid, in NaCl-NaHCO; solutions 
containing mainly NaCl, can be expressed by the equation 
(5) pK’ = 6.32 — 0.5y/xu 


where yu is the ionic strength, 6.32 is the pK’ (= pK) at infinite 
dilution of the salts,' and the term 0.5 ./u expresses the depression 

1 Correction by use of the later CO, factors of Van Slyke and Sendroy 
(1927) and the a values of Van Slyke, Sendroy, Hastings, and Neill (1928) 
affects the results of Hastings and Sendroy (1925) just enough to change 
their pK from 6.33 to 6.32. 
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of pK’ caused by salts. With univalent salts, like NaCl and 
NaHCOs,, the ionic strength is the same as the total base concen- 
tration in equivalents per liter. With polyvalent salts, the ionic 
strength is greater, being three times as great in the case of NasSO,, 
or of CaCl. Since the urine electrolytes are in part polyvalent, 
it could be anticipated that, per unit total base concentration, the 
pK’ would be decreased somewhat more than in a NaCl-NaHCO; 
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Fig. 3. The variation of urine pK’ with electrolyte (total base) concen- 
tration. All points and solid line are for urine. Dotted line for NaCl is 
taken from Hastings and Sendroy (1925). 


solution. Fig. 3 shows in fact that the equivalent depression in 
urine is somewhat greater, and that the relationship of pK’ to total 
base concentration is expressed by the equation , 


(6) pK’ = 6.32 — 0.6\/B 


where B represents the total base content in equivalents per liter. 
In eighteen of the twenty-two determinations Equation 6 expresses 
the value of pK’ within +0.03 unit of the observed value. 
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Mainzer and Bruhn (1931) obtained pK’ values varying from 
5.81 to 6.30, and averaging 6.13. They were unable to find any 
correlation between pK’ variation and freezing point lowering. 
Their average is near ours, and it is possible that in extremely 
dilute urines pK’ may approach as close to the pK for infinite dilu- 
tion as their maximum value of 6.30. It is difficult to conceive, 
however, factors which could lower pK’ to Mainzer and Bruhn’s 
minimum value. Total base rarely exceeds 0.4 equivalent per 
liter, which would correspond, by Equation 6, to a pK’ of 5.94. 
The technical error in determining pK’ is likely to be much greater 
in urines than in serum, or solutions of bicarbonate content similar 
to that of serum. The BHCO; in the urine is often only a fraction 
of a millimole per liter, and may be as little as 0.1 of the H,COs. 
Consequently slight errors in calculating the HyCO; from the CO, 
partial tension and the a used for the individual urine, would be 
multiplied in some cases as much as 10-fold in their effect on 
BHCO; calculated by difference. Of our own three pK’ values 
(Urines 1, 10, 13) which deviate markedly from Equation 6, two 
are from experiments in which the BHCO; concentration was only 
0.3 mm or less. Thus, the deviations may in part be the result of 
the wider margin of experimental error that is unavoidable when 
BHCO; is so low. It appears possible that the wider fluctuations 
of Mainzer and Bruhn may have been caused by a somewhat 
wider margin of error in some of their determinations. A low 
value of a used in Equation 3 would cause a low value of pK’, and 
we have pointed out above that some of their a values appear to 
be improbably low. 

Effect of Urea on pK’—Table III contains data indicating the 
effect which urea in 3 per cent (0.5 mM) concentration has on the 
value of pK’ in bicarbohate-salt solution. The procedure followed 
for these experiments was exactly the same as that of Hastings 
and Sendroy (1925). The calculations were made according to 
Equations 1 and 2. The value of a used was calculated for each 
solution according to its composition, from the data of Van Slyke, 
Sendroy, Hastings, and Neill (1928) for the salt effect, and accord- 
ing to Usher (1910) for the urea effect. A urea concentration of 
0.5 M was used because this approximates the maximum urea con- 
tent of human urine. Ureain this concentration causes an average 
decrease in pK’ of only 0.013 unit. Variations in pK’ of urine 
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exceeding 0.01 can therefore not be ascribed to variations in the 
urea concentration. 


TaBLe IV 


Effect of Variation in a and pK’ on Accuracy of Henderson-Hasselbalch 
Equation Applied to Urine 









































PH calculated 
ealeulated calculated | fom (a) and 

Error in 
CO: Indi- Pllated 
Urine me tension Pa a From vidual | Aver- _ aecord- 
No. usla | ®¥°TA8e |] Prom From | @ 8nd ry ing to (h) 
a of ~ ne K > |(9) — 

(Table | grgz2, |@) — ‘e)|(a) — @) (Tables oP es 

(by | and (0) Tend |and 6.10 

(a) () (e) (d) (e) (f) (9) (A) (i) 
mM mM mM mM mM 
per l. es. perl per l. perl per | 

1 1.928} 56.8 | 1.758 | 1.752 | 0.170) 0.176) 5.20 | 5.10 | —0.10 
2 | 75.37 | 119.0 | 3.542 | 3.671 | 71.83 | 71.70 | 7.26 | 7.39 | +0.03 
3 3.360} 41.6 | 1.318 | 1.283 2.042) 2.077) 6.33 | 6.31 | —0.02 
4 2.115) 59.4 | 1.764 | 1.832 | 0.351) 0.283) 5.29 | 5.29 0.00 
5 2.481; 68.8 | 2.023 | 2.122 | 0.458) 0.359) 5.39 | 5.23 | —0.06 
6 | 16.90 | 124.3 | 3.848 | 3.835 | 13.05 | 13.06 | 6.60 | 6.63 | +0.03 
7 1.898) 52.6 | 1.641 | 1.623 | 0.257) 0.275) 5.35 | 5.33 | —0.02 
8 1.441} 41.5 | 1.282 | 1.280 | 0.159) 0.161) 5.20 | 5.20 0.00 
9 | 18.20 | 124.5 | 3.906 | 3.841 | 14.29 | 14.36 | 6.65 | 6.67 | +0.02 
10 2.595) 69.8 | 2.123 | 2.153 | 0.472) 0.442) 5.51 | 5.41 | —0.10 
ll 3.016) 54.6 | 1.716 | 1.684 1.300} 1.332) 6.04 | 6.00 | —0.04 
12 | 18.28 | 73.0 | 2.242 | 2.252 | 16.04 | 16.03 | 6.94 | 6.95 | +0.01 
13 2.810} 51.1 | 1.599 | 1.576 1.211} 1.234) 6.09 | 5.99 | —0.10 
14 2.127} 56.9 | 1.778 | 1.755 | 0.349) 0.372) 5.43 | 5.43 0.00 
15 | 16.22 | 76.8 | 2.391 | 2.369 | 13.83 | 13.85 | 6.87 | 6.87 0.00 
16 6.009} 84.0 | 2.571 | 2.591 3.438} 3.418) 6.18 | 6.22 | +0.04 
17 2.110) 51.0 | 1.597 | 1.573 | 0.513) 0.537) 5.64 | 5.63 | —0.01 
18 2.621) 74.6 2.301 2.301 0.320) 0.320) 5.26 | 5.24 | —0.02 
20 9.75 | 86.2 | 2.698 | 2.659 | 7.05 | 7.09 | 6.54 | 6.53 | —0.01 
21 2.724, 69.6 | 2.108 | 2.147 | 0.616) 0.577) 5.49 | 5.53 | +0.04 
22 2.188) 59.1 | 1.857 | 1.823 | 0.331) 0.365) 5.43 | 5.40 | —0.03 
eS ee CN Be ee a ee 





Accuracy of Henderson-Hasselbalch Equation Applied to Urine 


Table IV indicates the accuracy with which the average a and 
pK’ values may be applied to urine acid-base balance calculations 
by Equation 3. The pH values in column (h) have been calcu- 
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lated by the use of average a and pK’; those in column (g) have 
been derived by the use of the individually determined a and pK’ 
values of the same urines, as given in TablesI and II. Evidently 
urine pH may be calculated from accurately determined CO, con- 
tent and CO, tension values, with an exactness at least equalling 
that of the colorimetric method (Hastings, Sendroy, and Robson, 
1925). 
Construction of Nomogram of Fig. 4 

For calculation of one of the three variables, CO, content, CO, 
tension, or pH from the other two in urine, a line chart for graphic 
solution of the Henderson-Hasselbalch equation is convenient. 
The nomogram in Fig. 4 accurately presents total CO, as a linear 
function of pH and CO, tension. It is theoretically exact, and is in 
this respect an improvement over the blood plasma line chart of 
Van Slyke and Sendroy (1928, p. 783). A straight line drawn 
through given points on two of the scales will intercept the third 
scale at a point corresponding to the relationship expressed by 
Equation 3, with a = 0.522 and pK’ = 6.10. By the use of 
appropriate a and pK’ values, a similar chart could be constructed 
for blood plasma calculations. 

If the fraction of the total CO, in the form of the free acid, 
symbolized for convenience as H:CO;, be denoted by f, we may 
write 
(7) f = [H.CO;)}/(CO,], and log f = log [H.CO,] — log [CO] 


We have then, a straight line logarithmic relationship in the form 
of log x = log y + logz. If Equation 2 be written in the form 


(8) pH = pK’ + log ad 


then it is obvious that we have another logarithmic expression for 
f; namely, 


(9) log f = pK’ — pH + log (1 — f) 


Since given values of [CO,] and [H:COs;] (or CO, tension) fix the 
value of f they also fix the value of pH. 

For Fig. 4, the values of log [CO.] and log [H:COs] in terms of 
millimoles per liter, were spaced off on parallel axes of equal length 
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Fig. 4. Nomogram for calculation of acid-base balance of urine. A 
straight line drawn between values on any two scales intersects the third 
at a value corresponding to the relationship expressed by the Henderson- 
Hasselbalch equation. 
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drawn on rectangular coordinate paper. An equal distance away, 
another parallel axis of equal length was spaced off for values of 
log f. By Equation 8 values of f corresponding to given pH values 
were calculated, and located logarithmically on the f axis. The 
points found were marked with values of the given corresponding 
pH. Points corresponding to CO, tension values were marked 
off on the H,CO; scale. For these calculations the average values 
= 0.532 and pK’ = 6.10 were used. 


SUMMARY 


The solubility coefficient of CO, in twenty-two human urines 
was found to average 0.522 + 0.08 at 38°. The maximum range 
of variation was from 0.498 to 536. The variation was chiefly a 
function of the salt concentration. 

The value of Hasselbalch’s constant, pK’, in human urine was 
found to average 6.10 + 0.07. The maximum range of variation 
was from 5.97 to 6.21. This variation was also found to be chiefly 
a function of the salt concentration, according to the approximate 
equation, pK’ = 6.32 — 0.6,/B, where B represents equivalents 
of total base per liter of urine. The value of pK’, in solutions of 
the ionic strengths encountered in urine, was found to be changed 
by only 0.01 by addition of urea in the highest concentration (0.5 
M) found in human urine. 

The use of average a and pK’ values in calculation of urine pH 
from CO, tension and CO; content yielded pH values with an 
average error of +0.03 and a maximum error of 0.10. 

A line chart for urine has been constructed, with scales for CO, 
content, CO, tension, and pH, whereby any one of these variables 
can be calculated from known values of the other two. 
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Marshall (1922) and Gamble (1922) were the first to correlate 
CO, content and pH in urine. They agreed in finding that the 
CO, content increased with the pH, urines of high alkalinity show- 
ing a bicarbonate content up to several grams per liter. Gamble 
further calculated the free carbonic acid, customarily symbolized 
as H,CO;, from observed pH and CO, content of the urine by 
means of the Henderson-Hasselbalch equation. He assumed for 
pK’ a value of 6.10, which had previously been found for blood 
plasma, and which in fact we now find to be the average value for 
urine also (Sendroy, Seelig, and Van Slyke, 1934). Urine CO, 
tension values calculated from Gamble’s H,COs; results, with 
Sendroy, Seelig, and Van Slyke’s average value of 0.522 for a, 
indicate a variation from 51 to 76 mm., with an average of 61 mm. 

Mainzer, with his collaborators (1929, 1931), has since studied 
the problem further. Like Gamble and Marshall, he measured 
directly, in the freshly collected urine, only the pH and total CO, 
content, and calculated the CO, tension from these values by 
means of the Henderson-Hasselbalch equation. In the second 
paper, Mainzer and Bruhn (1931) measured the pH with the quin- 
hydrone electrode, and for each sample of urine they made separate 
determinations of pK’ and a for use in the calculation. The ex- 


*A preliminary communication concerning this work was delivered at 
the XIVth International Physiological Congress at Rome (Sendroy, Seelig, 
and Van Slyke, 1932). 

t Fellow of the Rockefeller Foundation on leave of absence from the 
Charité Krankenhaus, Berlin, Germany. 
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tent of the variations in pK’ and a encountered in different urine 
samples has already been indicated in the preceding paper (Send- 
roy, Seelig, and Van Slyke, 1934), in which we have compared 
Mainzer and Bruhn’s results with ourown. Mainzer and Bruhn’s 
calculated CO, tensions in freshly voided urine varied between 13 
and 242 mm., over an immensely wider range than those of Gam- 
ble. Mainzer concluded that there was no relationship between 
CO, tension in urine and CO, tension in blood. 

The wide discrepancy between the urinary CO, tension ranges 
reported by Mainzer and those calculable from Gamble’s data made 
a reexamination of the problem desirable. These authors did not 
make direct measurements of the CO, tension, but calculated it by 
the Henderson-Hasselbalch equation from the pH and total CO, 
content. In such calculations the combined errors in pH and 
CO, content determinations, and in the values for pK’ and a used 
in the Hasselbalch equation, all accumulate on the CO, tension. 

In order to avoid such cumulative errors we have returned to 
direct measurement of the CO, tension by the tonometric proce- 
dure, introduced by Pfliiger (1872) for estimating the gas tensions 
in blood, and applied to urine by Strassburg (1872). A relatively 
large volume of urine is equilibrated with a relatively small 
volume of gas until the latter attains the CO, tension of the urine. 
The tension is then ascertained by analysis of the gas. 

Van Slyke, Sendroy, and Liu (1932) have applied this principle 
to the direct measurement of poo, in blood,' and the technique 
used for urine is an adaptation of the same procedure. Since 
most samples of urine are low in CO, concentration, and many 
may be also low in buffer value, and because the extent of pgo, 
variation in urine is much greater than in blood, the ratio of gas 
volume to liquid volume has been changed from 1:9 for blood to 
1:50 for urine. It has also been found necessary to prolong the 
equilibration time to } hour. 


PROCEDURE 
Method for Direct Measurement of Urine CO, Tension 


Preparation of Gas Mixture—It is desirable that the gas mixture 
used have a CO, tension within 25 mm. of the urinary peo,. One 


1 The symbol pco, is used to indicate CO, tension in mm. of mercury. 
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can calculate that if 50 volumes of buffer-free water, containing COs, 
only in the form of free carbonic acid, are equilibrated with 1 
volume of gas, 25 mm. difference between gas and water with 
respect to initial poo, will produce in the equilibrated system a 
final poo, which differs by 1 mm. from the initial poo, of the water. 
The gas tension will move 24 mm. towards the water tension, and 
the latter will move 1 mm. towards the initial gas tension. If the 
water contains buffers active at its pH, the final poo, will be less 
than 1 mm. from the initial poo, of the solution. Urine does 
contain such buffers, notably bicarbonate and phosphate, so that 
the correction to the final poo, for initial difference in poo, be- 
tween urine and gas bubble is less than one-twenty-fifth of that 
difference. However, the buffer content of urine varies so greatly 
that it is impossible to estimate a routine correction for initial 
Poo, differences between urine and the gas bubble. One can only 
state that the error from failure to make such correction will be 
less than 1 mm. if the initial difference in poo, between urine and 
gas bubble does not exceed 25 mm. 

Accordingly, in our procedure the urine is equilibrated with an 
air-CO, mixture having a poo, of 67 mm., the average poo, of 
urine. This is within 25 mm. of the poo, of the great majority of 
urines. If the final poo, found by analysis of the equilibrated 
bubble is outside the range 67 + 25 mm., a second portion of urine 
is equilibrated with gas that has a CO, tension approximating that 
found for the urine by the preliminary estimation. Since urinary 
Poo, is practically never below 40 mm., a second equilibration will 
be necessary only for urines with unusually high tensions. In such 
cases the urine is likely to be highly buffered, so that the error in 
the preliminary determination is usually not significant; but in 
order to make certain-of accuracy, a second equilibration with gas 
containing more CO, is desirable. 

For routine use, it is convenient to have on hand large amounts 
of the air-CO, mixture with 67 mm. poo,. The percentage of CO, 
in such a gas mixture is calculated as 67/(0.01 (B — 50)), where B 
is the average barometric pressure. At sea level the CO, content 
of the desired mixture is 9.5 per cent. Our gas mixtures were 
prepared and stored in 300 cc. containers as described by Van 
Slyke, Sendroy, and Liu (1932, p. 554). 

The other CO,-air mixtures occasionally required for urines with 
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higher CO, tensions may be prepared by mixing measured volumes 
of air and CO, in a gas burette. In our experiments, however, we 
prepared such mixtures by attaching the tonometer, before the 
urine was placed in it, directly to the gas manifold. The system 
was partially exhausted and the required pressure of CO, was 
added, measured by a manometer, as described on p. 302 of Peters 
and Van Slyke (1932). 

Tonometer—The tonometer in which the equilibration takes 
place resembles that described by Van Slyke, Sendroy, and Liu, 
except that the body has a capacity of 50 cc. instead of 9 ec. for 
the liquid phase. The gas bubble volume is 1 cc. 

Equilibration of Urine and Gas at 38°—The tonometer is first 
filled with the desired gas mixture. Enough urine (>100 cc.) for 
duplicate peo, determinations is voided under oil, and transferred 
at once to a container over mercury, from which it is introduced 
into the tonometer to fill all but 1 cc. of its volume.- Urine and 
gas are equilibrated at 38° as described by Van Slyke, Sendroy, 
and Liu (1932) for blood samples, except that the length of time 
required for complete equilibration is extended to } hour. The 
vessel is opened to the air after 5, 10, and 15 minute periods to 
keep the pressure at atmospheric, and is then rotated for another 
15 minutes. Satisfactory results have been obtained with some 
samples of urine rotated for a shorter time, but for uniformly good 
results, for widely different samples of urine, 30 minutes have been 
found necessary. 

Analysis of Gas Bubble—This is carried out as described by Van 
Slyke, Sendroy, and Liu (1932). The gas sample measurement by 
manometric pressure is made with the gas at 2.0 cc. volume. The 
pressure of the CO, gas is usually measured at 0.5 cc. volume. 
However, some samples of urine high in CO, tension yield so much 
CO, to the bubble, that measurement of the CO, pressure must be 
made with the extracted CO, at 2.0 cc. volume. 


Calculation 


The CO, tension is calculated from the volume per cent CO, 
content, C, of the gas bubble, according to the usual equation 


(1) pCO, = 0.01 C (B — 49.7) 
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where B is the barometric pressure in mm. of mercury at the time 
of the gas bubble equilibration, and 49.7 is the vapor tension of 
water at 38°. 


EXPERIMENTAL 


Comparison of Known Urine CO, Tensions with Tensions Found by 
Present Method 


Urine samples of about 110 cc. were saturated at 38° with known 
mixtures of CO, and air, in a two-chambered saturating vessel by 
the “First saturation method” of Austin et al. (1922). After 
complete gaseous equilibrium had been attained, the gas and 
liquid phases were separated, and the gas was analyzed for CO, 
in a Haldane apparatus. From the CO, content of the gas, the 
CO, tension of it, and therefore of the urine, was calculated with 
an error not exceeding 0.2mm. The tensions thus obtained are 
given in Table I as “CO, tension of urine at 38°, present.” The 
urine was then used for duplicate determinations of the CO, ten- 
sion by the present method. 

The results, recorded in Table I, indicate that the error of urine 
CO, tensions measured as described in this paper averaged 1.1 
mm. The maximum error found, occurring in but one case, was 
3.1 mm. 

In this series of experiments, the maximum difference between 
the initial poo, of the bubble and the true poo, of the urine was 
31mm. _ It does not appear from the results that initial differences 
within this limit have a significant effect on the final poo, deter- 
mined. 


CO, Tension of Freshly Voided Human Urine 


60 individual samples: of urine were analyzed by the procedure 
for direct poo, presented in this paper. The urines were taken at 
intervals varying from 1 to 10 hours after previous voiding, and 
under various conditions of activity. Each sample was collected 
at a single voiding. 

For the first analysis in each case the initial tension of the bubble 
was set at 67mm. The second analysis was performed with poo, 
of the bubble approximating the value obtained by the first analy- 
sis. When the urine poo, was over 100 mm. the result of the 
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second analysis was taken as the poo, value. Except when values 
above 130 mm. were encountered, the agreement between the two 
analyses was within the limit of error of the method. 

Other data recorded for each specimen were specific gravity, pH, 
and the period of urine retention for the particular voiding anal- 


TaBLe | 


Urine COz Tensions Found by Present Method Compared with Tensions Set 
by Saturation with Known CO,.-Air Miztures 























CO: tension of urine at 38° 
Initial CO 
Urine No. tension of gas 

bubble at 38° Present hee oo: Ld Error 

1 82 90.6 89.2 —1.4 
2 82 98.2 99.6 +1.4 
3 82 95.9 94.4 —-1.5 
4 82 104.9 105.3 +0.4 
5 82 98.6 97.1 —1.5 
6 82 99.9 97.8 —2.1 
7 82 96.0 96.5 +0.5 
8 82 97.8 97.3 —0.5 
9 82 99.6 96.5 —3.1 
10 82 99.3 98.9 —0.4 
11 82 99.2 99.1 -0.1 
12 82 67.9 69.1 +1.2 
13 79 62.7 61.0 —1.7 
14 82 55.7 | 56.2 +0.5 
15 58 32.7 34.2 +1.6 
16 43 23.4 | 23.4 +0.0 
17 172 140.7 139.7 —1.0 
18 172 159.5 158.6 —0.9 
19 96 80.1 81.1 +1.0 
20 96 75.4 76.5 +1.1 
ati ae pe pe IONE Pipa, lh puecaperhe i pieenigeer ps ae +1.1 








yzed. The specific gravity measurements were made with an 
ordinary urine specific gravity bulb; their maximum error is about 
0.003. The pH values were obtained colorimetrically according 
to the method of Hastings, Sendroy, and Robson (1925) but with 
the use of a Hastings-Duboscq colorimeter in place of the acid- 
alkali standard color tubes (Peters and Van Slyke, 1932, p. 801). 
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The urine specimens examined fell into three groups: normal, 
pathological, and experimental. The first group consisted of 
thirty specimens obtained from normal individuals under ordinary 
conditions. The second group consisted of fourteen specimens 
obtained from patients at this hospital suffering from nephritis 
or cardiac disease. The third group of sixteen specimens was 
obtained from normal individuals whose acid-base balance was 
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Fig. 1. Distribution curve of normal and pathological human urine CO, 
tension results at 38°. 


purposely shifted from normal by the administration of alkali or 
by exercise. 


RESULTS 


In Fig. 1 is given the distribution curve for urine pgo, results 
found in our study of forty-four normal and pathological cases. 
The urine poo, of the normal individuals varied from 53 to 149 
mm. 

The variation in pathological cases covered nearly the same 
range, from 42 to 124 mm. 
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Fig. 1 indicates that in our study there are more naturally 
occurring urine CO, tensions at 67 + 5 mm. than at any other 
level, 25 per cent of the results being at that level. Furthermore, 
77 per cent of the results are between 42 and 95mm. The curve 
is peculiar in that there is no asymptotic approach to the abscissa 
on either end. The lower end of the curve cuts the abscissa at a 
sharp angle, since no results were found for urine poo, below 40 


























TaBLeE II 
CO; Tension in Urine after Experimental Alteration of Individual Acid-Base 
Balance 
Urine [Specific ra —— 
~y oelty Period by bubble pH Treatment 
hrs. mm. 
1 | 1.024) 103 119 | 7.4.| 23 gm. NaHCO, 
2 | 1.008) 2 | 42 | 6.3 | H,O drinking 
3 | 1.018) 3 124 6.5 5 gm. Na citrate 
4 | 1.023) 3} 169 5.8 Exercise, playing squash 
5 | 1.025) 33 159 stair-running 
6 | 1.082) 3% 136 7.2 5 gm. NaHCO, + stair-running 
7 | 1.015) 4 58 5.3 Stair-running 
8 | 1.026) 12 183 5.1 Exercise, stair-running 
9 | 1.026; 23 70 5.5 5 gm. NaHCO; + stair-running 
10 | 1.009) 2 55 6.0 Exercise, stair-running 
11 1.010} 2 | 73 5.5 5 gm. NaHCO, + stair-running 
12 | 1.007) 23 51 6.1 Exercise, stair-running 
13 | 1.019) 3 | 57 | 5.4 | HCl + stair-running 
14 | 1.032) 3 52 | 5.0 | Exercise 
15 | 1.035) 23 | 201 7.5 | 5gm. NaHCO, + stair-running 
16 | 1.024 2§ | 177 | 4.9 | Exercise, stair-running 








mm. The upper end of the curve runs from 95 mm. to 149 mm. 
parallel to the abscissa. 

When the sixteen experimental cases recorded in Table II are 
also considered, there is found little to alter this picture. The 
lower limit is 42 mm. for urine poo, obtained after dilution by 
drinking large amounts of water (Urine 2). The upper limit is 
201 mm. obtained after the ingestion of 5 grams of NaHCO; and 
severe exercise (stair-running, 30 meters up and down, three times, 
Urine 15). Indeed, all of the five results higher than 150 mm. 
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among our total number of 60 urine sample determinations were 
obtained after the subject had exercised. Results between 100 and 
150 mm. were usually obtained after the ingestion of alkali in the 
form of citrate or bicarbonate. A few high results were also ob- 
tained in apparently normal subjects under ordinary conditions. 


Relationship between Urine CO, Tension and Specific Gravity 


Fig. 2 indicates that none of our urine samples with specific 
gravity lower than 1.018 was of a CO, tension higher than 80 mm. 
Higher CO, tensions occurred only in fairly concentrated urines. 
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Fig, 2. The relation between CO, tension of urine and the specific gravity 


Relationship between Urine CO, Tension and Period of Accumulation 
in the Bladder 


Fig. 3 shows that no urine retained over 4 hours had a CO, 
tension over 120 mm., while a third of those retained less than 4 
hours had tensions over 120 mm., ranging up to 200 mm. Appar- 
ently, high CO, tensions are to be found only in concentrated 
urines stored in the bladder for a short period, but the converse 





488 


of this is not true; namely, that high concentration or short period 
of accumulation, or both, result uniformly in high CO, tensions. 





Acid-Base Balance in Urine 


A possible explanation for the absence of high CO, tensions 


(greater than 120 mm.) in urine retained over 4 hours is that pro- 
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Fria. 3. The relation between CO, tension of urine and the period of 


accumulation in the bladder. 


longed accumulation in itself tends to produce a urine of average 
composition. If temporary conditions produce a urine of high 
CO, tension during 1 hour, it may be diluted with urine of usual 
tension during subsequent hours. In the one observation provid- 
ing an exception to the 4 hour rule (Urine 1, Table II), an abnor- 
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mal state was prolonged by taking 15 grams of NaHCO; in the 
evening and 8 grams more in the morning before voiding. The 
urine, voided after 10 hours collection, had a high CO, tension. 

An alternative explanation is that free carbonic acid, which is 
one of the most diffusible of physiological solutes, slowly diffuses 
through the bladder wall when the CO, tension of the urine is 
higher than that of the blood. 
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Fic. 4. The relation between CO, tension and pH of urine 


In general, one may say that dilute urines, or urines stored in 
the bladder for a long period, tend to approach the average value 
of 67 mm. for CO, tension (see upper left corner of Fig. 3, and lower 
left corner of Fig. 2). Herein may lie the explanation for Gamble’s 
(1922) comparatively constant urinary H,CO; values. 


Absence of Relationship between CO, Tension and pH 


As is indicated by Fig. 4, we have found in agreement with Main- 
zer and Bruhn (1931), no correlation between the pH and the CO, 
tension of urine. 
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Urine CO, Tensions Found by Other Authors 


In Table III we have summarized the results available in the 
literature. The data of Strassburg (1872), Fredericq (1910), and 
our own are the only ones obtained by direct tonometric methods. 
Fredericq’s results for forty-three human urine poo, values, from 
48 to 137 mm., agree well with our forty-four values from 42 to 
149mm. The other data have been sufficiently discussed in the 
introduction. 


Acid-Base Balance of Freshly Voided Human Urine 


With the results of this and of the preceding paper (Sendroy, 
Seelig, and Van Slyke, 1934) we are able to estimate for twenty- 
one freshly voided human urines the acid-base balance, in the 
terms of pH, [CO,], and poo, commonly used to define the acid- 
base balance of the blood. With the individual a and pK’ values 
found for each urine, the pH was calculated according to the 
Henderson-Hasselbalch equation 


[CO,] — 0.1316 « pgo, 
0.1316 @ P¢p, 





(2) pH = pK’ + log 


with CO, content in terms of volume per cent. 

The results are contained in Table IV of this paper, and are 
plotted in Fig. 5.on the logarithmic chart used by Peters and Van 
Slyke ((1931) p. 915). Fig. 5 is convenient for charting acid-base 
data in fields showing normal and abnormal variations. For its 
construction, the average values of a = 0.522 and pK’ = 6.10 
were used in Equation 2 above, or, more conveniently, in the trans- 
formed equation 


(3) [CO.] ='0.1316 a (10°"-”™ + 1) poo, 


The magnitude of error introduced by using average a and pK’ 
values is indicated in the preceding paper (Sendroy, Seelig, and 
Van Slyke, 1934). 

In addition to the results of Table IV, we have also plotted the 
positions, in Fig. 5, of other urine samples, for which we have 
determined direct poop, and colorimetric pH values. Included in 
the same chart are the results of Marshall (1922) from CO, content 
and colorimetric pH values, those of Gamble (1922) from CO, con- 
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tent and calculated poo,, and those of Mainzer and Bruhn (1931) 
likewise from CO, content and calculated peo, values. 

There is rather good agreement between our results and those of 
Mainzer and Bruhn, in that there is a similarly wide scattering of 
points outside of the area in which the majority of urines fall. 
This majority area may be considered as bounded by the limits 










































Tasie IV 
Acid-Base Balance of Freshly Voided Urine at 38° 
an, - . PH caleu- 
Urine No. | determined Pn pw ae | CO: content determined gees 7 . 
9 pat Fm mm ma perl. | vol. per cent 
1 0.524 6.21 56.8 1.928 4.292 5.20 
2 0.504 6.05 119.0 75.37 167.77 7.36 
3 0.536 6.14 41.6 3.360 7.479 6.33 
4 0.503 6.00 59.4 2.115 4.708 5.29 
5 0.498 6.04 68.8 2.481 5.523 5.39 
6 0.524 6.07 124.3 16.90 37.62 6.60 
7 0.528 6.15 52.6 1.898 4.225 5.35 
8 0.523 6.11 41.5 1.441 3.208 5.20 
9 0.531 6.09 124.5 18.20 40.51 6.65 
10 0.515 6.16 69.8 2.595 5.776 5.51 
ll 0.532 6.15 54.6 3.016 6.714 6.04 
12 0.520 6.08 73.0 18.28 40.69 6.94 
13 0.530 5.97 51.1 2.810 6.255 6.09 
14 0.529 6.14 56.9 2.127 4.735 5.43 
15 0.527 6.11 76.8 16.22 36.11 6.87 
16 0.518 6.06 84.0 6.01 13.28 6.18 
17 0.530 6.13 51.0 2.110 4.687 5.64 
18 0.522 6.12 74.6 2.621 5.834 5.26 
20 0.530 6.13 86.2 9.75 21.70 6.54 
21 0.513 6.03 69.6 2.724 6.064 5.49 
22 0.532 6.18 59.1 2.188 4.870 5.43 











Urine Secretion 


pH 5.0 to 6.4, poo, 40 to 85 mm., and CO, content 3 to 13 volumes 
per cent, or 1.3 to 6 mm per liter. 


Compatibility of Results with Filtration-Reabsorption Theory of 


The recent work of Richards (quoted below) and of Smith and 
his collaborators (Jolliffe, Shannon, and Smith, 1932; Shannon, 








Volumes oer cent total CO. 
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Fig. 5. Acid-base balance results for human urine. © Mainzer and 
Bruhn (1931), from CO, content and tension; X Gamble (1922), from CO, 
content and tension; A Marshall (1922), from CO, content and pH; e 
authors (1934), from CO, content and tension; a authors (1934), from CO, 
content and pH. 
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Jolliffe, and Smith, 1932) has provided strong experimental support 
for this theory, and it appears of interest to ascertain whether the 
present results concerning the acid-base balance of the urine are 
in accord with it. As the simplest way in which to demonstrate 
such agreement we outline the sequence of events which, accord- 
ing to the theory, lead to the production of urine showing the 
demonstrated relationships of BHCO;, H.CO;, and pH. The 
explanation outlined is tentative, but to avoid repeated reserva- 
tions, the events are sketched as though the filtration-reabsorption 
mechanism were proved. 

Formation of Acid Urine—In the glomerular filtrate HyCO; and 
BHCO; are presumably present in approximately the same con- 
centrations as in the blood plasma. It is true that these concen- 
trations of H,CO; and BHCO; have not been analytically demon- 
strated in the filtrate, but Wearn and Richards (1924) have shown 
that the filtrate has the same pH as the plasma, so that the ratio, 
H,CO;:BHCO,, is the same asin the plasma. Furthermore, when 
the other crystalloids, Cl, urea, uric acid, glucose, creatinine, PO,, 
are filtered with unchanged concentrations, as shown by Richards 
and his collaborators, it appears reasonable to assume that H:CO; 
and BHCO; are similarly filtered. 

As the filtrate proceeds down the tubules it ordinarily becomes 
more acid, as has been colorimetrically demonstrated in the frog 
kidney by Richards (1929). It appears probable that the acidifi- 
cation ts the result of active reabsorption of BHCO; in the same way 
that BCl is reabsorbed, the tubular cells returning both BCI] and 
BHCO; from the filtrate to the blood as completely as may be 
necessary to maintain the normal supply of these salts in the 
body. In the cases of both chloride and bicarbonate, reabsorp- 
tion may be so complete that only traces remain in the urine. In 
human urine, of the average normal pH of 6.1, the BHCO; con- 
centration is only about one-tenth as great as in the blood plasma 
(Fig. 5). Table V illustrates, by average values, the estimated 
amounts of BHCO;, H:CO;, and PO, which are passed into the 
glomerular filtrate, and the amounts which escape reabsorption 
and appear in the urine. 

If one assumes that the glomerular filtrate forms in accordance 
with the filtration-reabsorption theory, and in the amounts indi- 
cated by either the xylose or the creatinine clearances (Jolliffe. 
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Shannon, and Smith, 1932; Shannon, Jolliffe, and Smith, 1932), 
it appears difficult to explain the smallness of the amounts of 
BHCO,; found in acid urine by any process other than tubular 
reabsorption. Calculated as NaHCO,, the amount of bicarbonate 
filtered in the 24 hour glomerular filtrate of about 150 liters would 
be about 340 grams, containing 92 grams of Na, while in the daily 
output of urine only 3 or 4 grams of Na are ordinarily found, chiefly 
in the form of chloride, and only a fraction of a gram of alkali bi- 
carbonate (Table V). 


TABLE V 


Estimated 24 Hour Filtration and Excretion of BHCO;, H.CO;, and PO, by 
Human Kidney 

















| Glomerular filtrate,* Urine, 1.5 liters at Urine, 1.5 liters at 
| 150 liters at pH = 7.4) pH = 6. pH = 5.0 
Substance atl Se aon 
| Concen- | Total | Concen-| Total | Concen-| Total 
| tration amount tration amount tration | amount 
mM perl. mM mM per l. mM mM per l. mM 
BHCO,............-.| 25 3700 2 3 0.1 0.15 
| SS aS ee 2 3 | 13] 2 
oes | 150 | 43 65 | 43 | 65 














* From the results of Jolliffe, Shannon, and Smith (1932) it is assumed 
that the glomerular filtrate is about 1.4 times the maximum urea clearance. 
M@gller, McIntosh, and Van Slyke (1928) have found the maximum urea 
clearance to average 75 cc. per minute in normal men. Hence the glomer- 
ular filtrate is calculated to be 1.4 X 75 = 10.5 cc. per minute, and 1440 x 
0.104 = 149 liters per 24 hours. The 65 mm of PO, excretion (= 2 gm. of P) 
is the maximum likely to be found in the human 24 hour urine. 


Free H,CO;, unlike BHCO;, appears not to be “actively” re- 
absorbed, but merely to pass back by diffusion into the blood with 
reabsorbed water. There is no physiological need for HCO; re- 
absorption, since CO, is continually produced by combustion in 
the body. Evidence that H.CO; reabsorption is never “active” 
in the sense that the concentration in the tubular lumina is lowered 
below that in the blood, is seen in the fact that the CO, tension in 
the urine never, according to our results, is found below that in the 
arterial blood. 

The changes in BHCO; and HCO; which acidify the urine must 
also affect the acid-salt ratios of other buffers. Of these the most 
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important are normally the phosphates (Peters and Van Slyke, 
1931, pp. 959 and 1111). With alkaline phosphate the reversible 
reaction 


(4) H,CO; + B,HPO, = BHCO; + BH:PO,* 
must occur until the relationship indicated by Equation 5 is 
established. 


(BHPO,) _ . [BHCO,) 
(5) (BH,PO,] ~ ”? [H,CO,) 





(The factor 0.2 is the approximate ratio of the second dissociation 
constant of H;PO, to the first dissociation constant of HzCO3.) 

It appears that all the phosphate excreted can be changed in the 
tubules from B,HPO, to BH,PO, by the reaction of Equation 4 if 
the following conditions are met: (1) The BHCO; formed by the 
reaction must be absorbed, so that the reaction can continue from 
left to right. (2) At least 1 mole of H,CO; per mole of BAHPO, 
must be present in the initial glomerular filtrate. (3) The H.CO; 
in the filtrate must not be diminished (by absorption) below this 
proportion until the reaction and the reabsorption of BHCO; are 
completed. It appears possible that all these conditions may be 
met. (1) As indicated by Table V, reabsorption of BHCO; in 
urine of ordinary acidity is nearly complete. (2) There is more 
than 1 mole of H,CO; per mole of B,HPO, present in the caleu- 
lated filtrate. (3) Concerning the relative reabsorption velocities 
of H,CO; and BHCO; there are no data. Since about 20 times 
as many moles of BHCO; as of H,CO; are reabsorbed, however, it 
appears quite possible that reabsorption of BHCO; may suffi- 
ciently outrun that of H,CO; to meet the third condition. 

The acidifying effect of BHCO; reabsorption may be reenforced 
by B,HPO, reabsorption, since only part of the glomerular PO, 
reaches the urine (Table V). However, to shift the B,HPO,: 
BH,PO, ratio of 4:1 in the glomerular filtrate to the value of 
practically 0 in urine of pH 5, by B,HPO, absorption alone, would 
require reabsorption of 80 per cent of the filtrate PO, (all the 
B:sHPO,). It does not appear from Table V that phosphate 
reabsorption always proceeds to this extent. Hence, at times, in 


* This reaction, with tubular absorption of the BHCO,, was originally 
proposed by Cushny (1926) as a factor in acidification of urine. 
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any case, part of the decrease in the B,HPO,: BH:PO, ratio, which 
occurs as the filtrate passes down the tubules, is apparently due to 
other acidifying causes, such as BHCO; reabsorption and the 
consequent reactions. Under no condition could B,HPO, re- 
absorption, by reversal of the reaction (Equation 4), have much 
effect in decomposing filtrate BHCO;, because the amount of the 
latter is so immensely greater. 

If the change from the alkaline to the acid form of phosphate 
during passage of the tubules is accomplished by reaction of the 
alkaline form with H,CO; (Equation 4) and reabsorption of the 
BHCO; formed, a similar process must occur with the other uri- 
nary buffers. The condition under which the greatest demand is 
put upon such a mechanism is presumably that of severe diabetic 
acidosis, in which large amounts of free hydroxybutyric acid are 
added to the acid phosphate in the urine. However, the maximum 
amount of total titratable acid (free organic acid plus acid phos- 
phate) found by Stillman, Van Slyke, Cullen, and Fitz (1917) in 
severe diabetic acidosis was 120 mm per 24 hours. This is not 
beyond the possibility of production by reaction of sodium hy- 
droxybutyrate with the 195 mm of H,CO; calculated in Table V 
to be present in the glomerular filtrate, the resultant BHCO; being 
reabsorbed, and the free organic acid left in the urine. Acidifica- 
tion by reabsorption of alkali salts of hydroxybutyric acid can 
hardly be important, because, to lower the pH to 5 by this means 
would require reabsorption of about 98 per cent of the hydroxy- 
butyrate in the glomerular filtrate, and the large amounts excreted 
(up to 75 grams in the 24 hour urine) preclude such complete 
reabsorption. 

Besides reabsorption of BHCO; and B,HPO,, an alternative 
method of acidifying the urine, and preserving the alkali reserve 
of the body, would be the excretion of free HC] into the tubular 
lumina (no other anion than Cl~ in the normal blood could provide 
sufficient acid to react with the amount of BHCQO, estimated to 
be in the glomerular filtrate). Similarly one could assume in 
diabetic acidosis the tubular excretion of free hydroxybutyric acid. 
However, the fact that the pH of the urine, unlike that of the 
gastric juice, is never below 4.8, an acidity which could be pro- 
duced by either H:CO; or BH2PO, left after reabsorption of 
BHCO; and Be:HPO,, inclines one to favor the hypothesis that 
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reabsorption of the alkaline buffer salts produces the acidification 
of the urine. (In a solution under 67 mm. of CO, tension, with 
BHCO;, and hence B,HPO, completely removed, the pH would 
be about 4.4.) Control of the relative speed and completeness 
with which BHCO; and HCO; are reabsorbed appears to be 
sufficient to control the entirefobserved range of urinary acidity 
and alkalinity. 

The mechanism by which ammonia, formed in the kidney (Nash 
and Benedict, 1921), causes excretion of acids as ammonium salts, 
without loss of fixed base from the body, is also explicable by 
active reabsorption of BHCO;. The excretion can be explained 
by assuming that NH,HCO; formed in the kidney is filtered to- 
gether with BA brought by the blood, and that in the tubules ions 
are interchanged, BHCO; is reabsorbed, and NH,A is left in the 
urine. (A = anion of hydrochloric, hydroxybutyric, or other 
acid excreted as ammonium salt.) 

Formation of Alkaline Urine—When plasma bicarbonate con- 
centration is raised above a level of about 31 mm, the urine usually 
becomes alkaline (Palmer and Van Slyke, 1917). There is in 
such urine a relatively high concentration of BHCO; (see Gamble 
(1922); Marshall (1922); also data in this paper). Excretion of 
NaHCO; may reach several grams per hour. The glomerular fil- 
trate of about 6 liters per hour, if also of more than 31 mm NaHCO; 
concentration, would contain over 20 grams of NaHCO; per hour. 
Hence the observed maximal urinary bicarbonate excretion, of at 
most a fraction of this amount, can be accounted for merely by in- 
complete reabsorption of the filtered BHCO;. The relatively 
large concentrations of BHCO; in the urine are sufficient to cause 
the maximal observed pH values, about 8, and by interaction with 
the phosphates and other buffers, would increase the urinary 
ratios of their alkali salts to their free acids or acid salts. 


SUMMARY 


A technique is described for measurement of CO, tension in 
urine. The urine is equilibrated at 38° with 0.02 its volume of an 
air-CO, mixture, and the CO, tension is determined by micro- 
analysis of the gas bubble. 

The method has been checked by determinations on urines in 
which the CO, tensions were set at levels known within 0.2 mm. 
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The error of the method averaged 1 mm., and in no case exceeded 
3 mm. 

CO, tensions of human urines drawn from the bladder, in both 
normal and pathological cases, were found over the range from 40 
to 200 mm. The majority were between 45 and 95 mm. The 
greatest accumulation was within the zone 67 + 5 mm., within 
which one-fourth of the tensions was found. 

CO, tensions above 80 mm. were found only in urines sufficiently 
concentrated to have specific gravities of 1.020 or higher. Ten- 
sions above 120 mm. were frequently found after severe exercise, 
and after taking sodium bicarbonate. Such high tensions, how- 
ever, were not observed in any case in which the urine had been 
retained in the bladder longer than 4 hours. 

The fact that urine tensions below 40 mm. were never encoun- 
tered makes it appear doubtful that the CO, tension of the urine 
ever falls below that of the arterial blood. 

Our results confirm Gamble’s (1922) in showing that CO, ten- 
sion and H;CO; concentration in urine remain within the same 
range, regardless of variations in total CO, and BHCO; content, 
so that high BHCO; content tends to produce urine of high pH 
(Fig. 5). Our data differ from Gamble’s only in showing, because 
of wider CO, tension range, somewhat less degree of correlation 
between BHCO; and pH. 

The results are compatible with the filtration-reabsorption 
theory of urine excretion. The entire observed ranges of urinary 
CO, tension, CO, content, and pH can be quantitatively deduced 
from reasonably probable variations in reabsorption of BHCO; 
and H,CO; from the glomerular filtrate. 
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FURTHER STUDIES ON THE ZYMOGENS OF PEPSIN AND 
RENNIN 


By ISRAEL 8S. KLEINER ann HENRY TAUBER 


(From the Department of Physiology and Physiological Chemistry of the 
New York Homeopathic Medical College and Flower Hospital, 
New York) 


(Received for publication, June 14, 1934) 


Recently we have reported additional evidence that (1, 2) 
pepsin and rennin exist in the mucosa of the stomach of the pig 
and calf respectively in the form of precursors or zymogens. We 
have found that the zymogens of pepsin and rennin differ in the 
pH values at which they become activated. There is some active 
rennin in neutral extracts of the mucosa of the fourth stomach of 
the calf, but this is not the case with similar extracts of the stomach 
of the pig. That the milk-coagulating power is a function of the 
pepsin molecule is now generally accepted (Hammarsten, Pekel- 
haring, Fenger, Northrop, and others). The preformed activity 
of rennin we found to be separable from the inactive prorennin, 
if the neutral extract is kept at 37° for a few days, preserved with 
toluene, or if it is adjusted to pH 9 to 10. The active rennin is 
readily destroyed at an alkaline pH; the zymogen is not. 

However, our findings, which point to a definite difference be- 
tween propepsin and prorennin, have been contradicted by Ege 
and Lundsteen (3). For this reason we have taken up the study 
of this problem again in order to find the cause of the discrepancy. 


EXPERIMENTAL 


Preparation of Neutral Extracts—The same procedure as in our 
earlier experiments (1, 2) was employed; i.e., to 75 gm. of washed 
and ground mucosa of fresh calf and pig stomach, respectively, 
150 cc. of a 2 per cent CaCO; suspension in distilled water were 
added, stirred for 8 minutes, and filtered. The pH was 7.2 in the 
case of the extract of the calf mucosa and 7.1 in the case of the pig 
stomach extract. The pH measurements were made electrometri- 
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cally. The Danish workers (3, 4) extracted dried stomachs with 
sodium phosphate solutions or with distilled water, which may 
have an acidity as high as pH 5.6 (5). As substrate they used a 
milk of much higher acidity (pH 5) than we had employed (pH 6.3). 

Preparation of Prorennin Free of Rennet Activity—This can be 
obtained either by keeping a sample of neutral extract of pro- 
rennin with a heavy layer of toluene at 37° for about 3 to 4 days or 
by adjusting a sample of the fresh neutral extract to pH 9.2, 
keeping it for 40 minutes at 24°, and then neutralizing it carefully 
to pH 7. We found extreme care to be necessary to avoid an 
excess of acid while neutralizing; otherwise, activation of the inac- 
tive precursor might take place in local areas. The neutral calf 
extract showed a preformed activity of 10 to 20 per cent of the 
total potential activity; whereas the pig extract showed none 
when tested for 18 hours (milk of pH 6.3) with equal amounts of 
milk and extract. When milk of pH 5 was used, | cc. of the neutral 
pig extract had an activity of about 1/40,000 of the total poten- 
tial activity, or 1 cc. of the neutral pig stomach extract could clot 
0.4 ec. of milk at 37° in 10 minutes. These simple experiments of 
freeing prorennin solutions of preformed rennet activity could not 
be repeated by Ege and Lundsteen. It is possible that they did not 
exercise the necessary care in neutralizing the extract, thus acti- 
vating the precursors inadvertently. Furthermore, they state 
that they could not find a difference between prorennin and pro- 
pepsin in any other way, although Ege and Thygesen (4) in an 
earlier paper used an alkaline extraction of the pig stomach mucosa 
to free propepsin from pepsin, and Ege and Lundsteen’s paper is 
an attempt at verification of the earlier work on the activation of 
propepsin from the same laboratory. 

Difference in pH of Activation between Propepsin and Prorennin— 
Using as substrate milk having a pH of 5, Ege and Lundsteen ((3) 
p. 173) state that, at 40°, 30 minutes are required for 50 per cent 
activation of prorennin at pH 3.4. We have repeated this experi- 
ment. After the prorennin extract had been adjusted carefully to 
pH 3.6 and filtered quickly through cotton, its activity was tested 
on the same type of substrate; namely, milk of pH 5. At 26.6° 
there was complete activation of the prorennin in 7 minutes (see 
Table I). Propepsin, on the other hand, is only about one-third 
activated under the same conditions. We find the difference to 
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be even more marked if milk of pH 6.3, as previously employed by 
us, is used. The destruction of pepsin we reduced to a minimum 
by working with concentrated pepsin solutions. It is to be noted 
that there is not asharp line between the inactive and the completely 
activated states; 7.e., partial activation is possible if the pH is not 
quite at the most favorable point. 

As regards the activation of prorennin by bacteria, which Ege 
and Lundsteen describe, we may say that we have also noticed 
that aqueous solutions of prorennin become active if not preserved, 
owing to bacterial action. It is possible, as they maintain, that 
this effect is due to the proteolytic enzymes of the bacteria. In 
this connection we wish to point out that the activation of pro- 


TaBLeE I 
Showing Difference in Activation of Propepsin and Prorennin at Various 
pH Values 
The milk was of pH 5 and buffered (3). The results are expressed as cc. 
of milk clotted in 10 minutes by 1 cc. of enzyme solution at 37°. 








pH Propepsin pH Prorennin 
eg 1:0.4f 7.2* 1:1, 900 
3.6 1:5,400 3.6 1:10,000 
1.6 1:18 ,000 1.6 1:10,000 





* Original extract. 
t Preformed activity. 


rennin which Ege and Lundsteen brought about by the use of pan- 
creatin may have been an apparent activation and not a real one; 
that is, the clotting may have been caused by the pancreatin itself. 
Certain dilute concentrations of trypsin clot milk whereas more 
concentrated ones do not (6). 

Experiments now in progress support Hedin’s (7) contention 
that the gastric proteases differ with every species of animal. We 
find this to be true of the pH values at which their precursors are 
activated as well as of their other properties. 

In a personal communication Professor Sgrensen has called our 
attention to two statements of ours which are contradictory to 
each other. Ina recent paper (2) we stated that propepsin differs 
from prorennin in that the former cannot clot milk whereas the 
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latter can, while in an earlier paper (1) we had stated that pro- 
rennin could be obtained free of rennet activity. This earlier 
statement was correct and the later one was, unfortunately, care- 
lessly phrased. We intended to say that the neutral extracts con- 
taining prorennin or propepsin show the difference stated, owing 
to the presence of preformed rennin in the extract of the fourth 
stomach of the calf. Neither one of the zymogens possesses actual 
clotting power.’ 


SUMMARY 


Prorennin and propepsin (pepsinogen) become activated at dis- 
tinetly different pH values; the former becomes completely active 
at pH 3.6 and the latter at pH 1.6 under given conditions. Par- 
tial activation of either may occur at lower hydrogen ion concen- 
trations. 
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‘ We are also indebted to Professor Sgrensen for calling our attention 
to a typographical error on page 756, Experiment 4 (1); 0.04 » HCl should 
read 0.4 n HCl. 
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A MANOMETRIC MICROMETHOD FOR ARGINASE 
DETERMINATION 


ENZYMATIC STUDY OF BLOOD ARGINASE IN RATS 
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School of Medicine, Philadelphia) 


(Received for publication, June 14, 1934) 


In a recent communication Waldschmidt-Leitz, McDonald, and 
coworkers (1) presented a detailed report of the enzymatic equip- 
ment of transplantable rat tumor tissue. On the basis of their 
data, arginase assumes a conspicuous position; the increase found 
in tumor arginase activity as the tumor ages may well be a char- 
acteristic quality of pathologic, rapidly growing tissue. The results 
of Edlbacher and Merz (2) and of Klein and Ziese (3) likewise 
indicate the importance of this enzyme in tumor metabolism. 
Weil (4) has shown that during the aging of the tumor the increase 
in its arginase activity is accompanied by a progressive decrease 
in liver arginase. In view of this relation, a study of blood argin- 
ase activity became of interest. 

Since the concentration of arginase in blood is very small, a new 
method has been developed which permits the measurement of 
much smaller amounts of this enzyme than is possible by the usual 
procedure of Edlbacher and Réthler (5). The enzyme is allowed 
to decompose arginine into ornithine and urea in the usual manner. 
The urea formed is then treated with urease, the CO, produced 
being measured manometrically in the Warburg apparatus. The 
NH; simultaneously formed remains in solution at the acid reac- 
tion employed. 

By this method, rat blood arginase was found to be dependent 
upon the sexual condition of the animals. A similar relationship 
has been established by Edlbacher and Réthler (6) between sex 
and liver arginase concentration. Rat blood arginase appeared 
to be fully activated, since addition of activator (7) (cysteine + 
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Fe”) produced no increase in activity, such as is found in human 
and horse blood. 

To study the influence of sexual development upon blood argin- 
ase in the case of male rats, we investigated young animals (50 to 
60 gm.), and obtained an average value, expressed in microarginase 
units, of 1.25 in 1 ec. of blood. This value shows a tendency to 
increase with maturity to an average of 3.11 units per cc. of blood. 
After castration of mature rats the blood arginase concentration 
decreased; in 1 month after castration the average value found 
was 1.07 units per cc. of blood. 

Normal mature female rats showed, in comparison with male 
rats, a relatively low arginase concentration, the average found 
being 1.6 units per cc. of blood. Pregnancy and spaying did not 
appear to have any influence on the blood arginase. 

As previously mentioned, arginase has an important part in 
tumor metabolism. Investigations in this direction indicated 
that mature male rats with transplantable cancer have a slight 
tendency to possess a low blood arginase content. The average 
value obtained was 1.91 units per cc. of blood. This decrease may 
be related to the diminished arginase activity of the liver in rats 
with cancer (4). 

With reference to the function of arginase, the important work 
of Krebs and Henseleit (8) has indicated a connection between the 
enzyme and urea formation. Therefore, the relation between 
arginase activity and blood urea content was studied. No obvious 
relationship was found, however. Nevertheless, this connection 
may exist, since arginine injected subcutaneously increases the 
blood urea concentration considerably without stimulating the 
blood arginase activity. It is possible that the arginine is decom- 
posed before entering the blood stream, and that the latter merely 
takes up the decomposition products. This would explain why 
injection of arginine increases the blood urea without increasing 
the blood arginase concentration in the sense of an Abderhalden 
reaction. 


EXPERIMENTAL 


Description of Method—In the former method for arginase deter- 
mination, developed by Edlbacher and Réthler (5), the urea 
formed from arginine under the influence of arginase is decomposed 
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by urease, and the ammonia liberated is then distilled and titrated 
with 0.02 n H,SO,. The limit of accuracy corresponds to about 
0.6 mg. of urea. The new method is similar in principle, except 
that the CO, formed from the urea by the action of urease is 
measured manometrically in the Warburg apparatus. Krebs and 
Henseleit (8) have used a similar method for the direct determination 
of urea. Since twice as much ammonia is formed as CO,, it might 
appear desirable to measure the ammonia formation manometri- 
cally. However, ammonia has such a high absorption coefficient 
that even at pH 10 or 11, with paraffin oil as manometer fluid, no 
ammonia evolution can be detected. The reaction with urease is 
carried out at pH 5, and at this acid reaction the ammonia is 
effectively bound. The limit of accuracy of this method corre- 
sponds to about 0.003 mg. of urea; the sensitivity is thus 200 times 
that of the distillation method. 

So far, the new method has been applied almost exclusively to 
blood. The quantity of blood required for one determination 
depends on the animal used. Rat blood requires 1 cc., while horse 
blood and human blood require only 0.1 to 0.2 cc.' In all cases 
oxalated blood was used, since it was found that the oxalate does 
not interfere with the determination. With rats, the blood was 
removed from the heart under ether anesthesia. Small amounts of 
urease were found to be present in blood and tissues, but at pH 9.5 
they cause no interference. 

After removal from the animal, the blood is adjusted to the 
optimum pH (9.5) for arginase activity by means of 0.1 Nn NaOH, 
the pH being controlled by potentiometric measurement with the 
hydrogen electrode. Adjusted in this manner, the pH shows no 
significant shift during the determination. Glycocoll-NaOH 
buffer was not used because it was found to have a slight inhibit- 
ing effect. Usually 0.45 to 0.5 cc. of 0.1 Nn NaOH is sufficient to 
adjust the pH of 1 ce. of blood to 9.5. 

The desired amount of this blood (pH 9.5) is accurately meas- 
ured into a manometer vessel and 0.5 ce. of arginine-HCl (contain- 
ing 4 mg., and previously adjusted to pH 9.5 with NaOH) is 
added. Sufficient water is added to bring the volume up to 3.2 

1 The blood arginase activity in the case of human blood is confined to the 


cells; plasma has no inhibiting effect on the enzyme activity. In the case 
of rat blood the arginase is found in both the cells and in the plasma. 
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ec. A drop of toluene is added to prevent bacterial infection. 
The mixture is incubated at 30° for 20 hours. 0.5 cc. of 3 N acetate 
buffer of pH 5 is then added, and 0.3 cc. of urease solution? is 
placed in the side arm of the manometer vessel. The latter is 
attached to the manometer and shaken at 30° for 30 to 40 minutes, 
to expel the blood CO,. When no further pressure change occurs, 
the urease solution is tipped into the main chamber of the reaction 
vessel, and the manometer shaken until all the urea has been de- 
composed (30 to 40 minutes). Since blood contains considerable 
amounts of urea, it is always necessary to run a control. This is 
carried out in exactly the same way as the regular determination, 
except that the arginine-HCl is not added until immediately before 
the urea determination is made. The difference between the two 
determinations expresses the arginase influence. 

For converting the manometer reading (pressure in mm. of 
Brodie fluid) into c.mm. of CO, formed, it is necessary to deter- 
mine the vessel constant. A known quantity of urea is decom- 
posed by urease, and the CO, formed measured. The theoretical 
amount of CO, (in c.mm.) divided by the observed pressure change 
(in mm. of Brodie fluid) gives the vessel constant. In any given 
determination, the observed pressure change (in mm.) multiplied 
by the vessel constant gives the CO, formation in c.mm. at 30°. 
For example, to 0.5 cc. of urea solution (0.5 mg. of urea) were added 
2.7 ec. of water and 0.5 cc. of 3 N acetate buffer of pH 5.0. The 
urea determination was carried out exactly as previously described, 
0.3 ec. of urease solution being tipped in from the side arm of the 
manometer vessel. The observed pressure difference at the end 
of the reaction was 138 mm. of Brodie fluid; the theoretical CO, 
formation was 205.7 c.mm. at 30°; the quotient, 1.490, represents 
the vessel constant at 30°. Urea determinations by this method 
agreed with the results obtained on similar samples by distillation 
of the ammonia formed. 

Rate of Reaction of Blood Arginase—For the quantitative meas- 
urement of blood arginase, it was necessary to determine the time 
course of the reaction. For this purpose horse blood was taken, 
since the arginase concentration in this is much higher than in rat 


2 6 gm. of Arlco jack bean meal are allowed to stand overnight with 20 ce. 
of water and 1 cc. of 1 N acetic acid. After centrifuging, the supernatant 
liquid is used. 
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blood. For each determination, 1 cc. of blood was taken. Since 
horse blood arginase requires activation, it was allowed to stand 
for 1 hour at pH 7.0 and 30° with 0.2 cc. of cysteine solution (2 mg. 
of cysteine-HCl at pH 7.0) and 0.1 cc. of 0.1 nN FeSO, solution. 
After this preliminary activation period, the pH was adjusted to 
9.5 with NaOH, and the substrate added (0.5 cc., containing 4 mg. 
of arginine-HCl at pH 9.5). At various time intervals, the urea 
formation was measured as previously described. A blank was 
run simultaneously. Table I shows the results obtained in c.mm. 
of CO, at 30°. 

Relation between Quantity of Blood Arginase and Activity— 
Since the rate of reaction of blood arginase decreases with time 
(Table I), it became necessary to establish the relation between 





























TABLE | 
Reaction Rate of Blood Arginase 
Bin nnn nn snc nscennn 2 4 6 8 9 | 10 
Arginase activity, c.mm. CO:...........| 52 | 100 | 135 | 160 | 174 | 195 
! 
TaBLe II 
Relation between Quantity of Blood Arginase and Activity 
I ou oe we ciagne ae 0.05} 0.01) 0.2 0.3) 0.4 0.5 
Arginase activity, c.mm. CO: at | 
ee i 122/190 233 | 256 | 271 














quantity of enzyme and activity, or degree of arginine splitting. 
This relationship permitted us to set up a blood arginase unit for 
quantitative comparisons of enzyme content. For this purpose 
10 cc. of horse blood were’fully activated by allowing them to 
stand for 1 hour at 30° with 2 cc. of cysteine solution (containing 20 
mg. of cysteine-HCl at pH 7.0), and 0.1 cc. of 0.1 N FeSO,. The 
blood was then adjusted to pH 9.5 with NaOH as previously 
described. Increasing amounts of this blood were then treated 
with the usual amount of arginine-HCl (pH 9.5) and water, and 
incubated for 20 hours at 30°. At the end of the incubation the 
urea formed was determined in the usual manner. For each deter- 
mination a control was run without substrate. The results are 
expressed in Table II in c.mm. of CO, formed at 30°. 
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The unit for blood arginase was taken as that quantity of en- 
zyme which when incubated, for 20 hours at 30° and pH 9.5, with 
4 mg. of arginine-HCl (adjusted to pH 9.5) in a total volume of 3.2 
cc., will produce an amount of urea equivalent to 20 c.mm. of CO, 
at 30°, the latter being determined as previously described. Fig. 1 
shows that the relation between enzyme units and CO, formation 
is linear up to 6 units. 

Blood Arginase in Male Rats at Various Sexual Stages—In this 
series, the blood arginase of young male rats (50 to 60 gm.), of 
mature male rats (averaging 250 gm.), and of mature male rats 1 





ccm.CO,,at 30° 














——— BLOOD ARGINASE UNITS 


Fig. 1. Relation between quantity of enzyme and activity 


to 1.5 months after castration was investigated. For each deter- 
mination 1 cc. of oxalated blood was taken and analyzed as pre- 
viously described. Table III shows the results obtained in 
arginase units per cc. of blood. 

Simultaneously, the urea content of the blood was measured. 
To 1 ce. of blood were added 0.5 cc. of 3 N acetate buffer (pH 5.0) 
and 2.2 cc. of water. After the blood CO, was expelled by shaking 
in the Warburg apparatus, 0.3 cc. of urease solution was tipped 
into the main chamber of the manometer vessel. The CO, forma- 
tion was measured at 30° and converted into mg. of urea. 
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an- Taste III 
ith Blood Arginase and Urea in Male Rats at Various Serual Stages 
3.2 Young rats Mature rats Castrated rats 
1 Arginase Urea Arginase Urea Arginase | Urea 
ion units per cc. mg. per ce. | units perce. | mg. perce. | units per cc. mg. per cc. 
2.05 0.248 5.4 0.270 1.1 | 0.146 
his 2.7 0.317 3.4 0.273 * : | 0.234 
5.5 0.243 | 3.8 0.292 | 0.205 
e 1.05 0.228 4.6 0.168 a 0.204 
I 0.05 0.307 5.3 0.258 1.05 
0.8 0.241 3.3 0.351 0.0 0.265 
0.2 0.326 3.1 0.309 1.45 0.282 
0.0 0.360 1.1 0.390 1.8 0.343 
0.0 0.307 1.2 0.258 1.0 
1.0 1.1 0.417 
0.5 2.3 0.309 
2.6 0.329 
3.05 
Average. ..1.25 3.11 1.07 
TaBLe IV 
Blood Arginase and Urea in Rats with Cancer 
Arginase Urea 
units per ce. mg. per cc. oe. 
4.5 0.300 
4.5 0.331 
2.9 0.185 
2.2 0.314 
or. 0.5 0.382 
1.8 0.365 
ve 1.2 0.380 
in 0.4 0.331 
2.2 0.354 
d. 2.1 0.259 
0) 0.7 0.282 
ng 1.8 0.343 
0.1 0.364 
ed 
a- Average... ...1.91 
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Blood Arginase in Rats with Transplantable Cancer—Mature 
male rats were inoculated with Philadelphia No. 1 sarcoma, and 
after 3 to 6 weeks the blood was examined for arginase as previously 
described. Table IV shows the arginase content in units per cc., 
and the urea in mg. per cc. 


TABLE V 
Blood Arginase and Urea in Female Rats at Various Sexual Stages 

















Normal | Pregnant } Spayed 
hestines -' rE 2 "Th | aie Urea Arginase Urea 
‘units perce. | mg. perce. | unite per ce.| mg. per ce. | unite per ce.| mg. per ce. 
3.05 0.302 1.1 0.290 1.95 
3.0 | 0.256 | 4.4 0.207 | 2.7 0.307 
0.45 | 0.182 | 4.45 | 0.95 
1.15 | 0.34 ! 2.3 | 0.3 0.219 
2.5 0.265 | 1.05 | 0.259 0.5 0.283 
0.4 0.317 ' 0.8 0.382 1.0 0.300 
1.3 | 0.331 1.6 0.370 2.5 
2.1 | 0.368 | 1.7 
0.6 | 0.324 | 
2.65 0.268 
0.0 | 0.263 
2.2 | 0.226 | 
———E eee in SSS ee -_ = — -_ a 
Average. ..1.61 2.25 | 1.31 
TaBLe VI 


Effect of Subcutaneous Injection of Arginine on Blood Arginase and Urea 








Arginase Urea 
units per cc. mg. per cc. 
1.9 0.559 
0.0 0.537 
1.4 } 0.502 
1.7 0.512 





Blood Arginase in Female Rats at Various Sexual Stages—lIn this 
series the blood arginase of mature female rats, pregnant rats, and 
mature spayed female rats was investigated. In the case of the 
spayed animals, the blood was analyzed 1 to 1.5 months after 
removal of the ovaries. The results are shown in Table V. 
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Blood Arginase and Urea after Subcutaneous Injection of Ar- 
ginine—Four male rats (130 gm.) were injected subcutaneously at 
8 hour intervals with 0.3 gm. of arginine-HCl (neutralized to 
pH 7.0) in2cc. of water. About 5 hours after the third injection, 
the blood arginase and blood urea were determined by the usual 
methods. The results are shown in Table VI. 


The authors are indebted to Doctor Ellice McDonald, Director, 
for advice and assistance. 


SUMMARY 


A manometric micromethod for arginase determination is de- 
scribed. A unit has been defined for quantitative comparisons of 
arginase activity. 

Mature male rats show a tendency to possess a higher blood 
arginase content than young or castrated male rats. Male rats 
with transplantable cancer also have a tendency toward low blood 
arginase. 

Female rats have a relatively lower blood arginase content than 
male rats. Neither pregnancy nor spaying has any noticeable 
effect on blood arginase. 

No parallelism was found between blood arginase and blood urea 
content. 
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STUDIES ON OXIDATION-REDUCTION 


XXI. PHTHIOCOL, THE PIGMENT OF THE HUMAN 
TUBERCLE BACILLUS 


By ERIC G. BALL 


(From the Department of Physiological Chemistry, the Johns Hopkins 
University, School of Medicine, Baltimore) 


(Received for publication, June 21, 1934) 


INTRODUCTION 


More data are needed on those constituents of living tissue which 
are components of definite oxidation-reduction systems. Such 
information will aid in defining the intensity level of energy 
changes in living cells; a level essential for the activation of certain 
enzymes (22) and for the protection from destruction of compounds 
like epinephrine (5). Phthiocol, a pigment isolated from the 
tubercle bacillus by Anderson and Newman (2), has been shown by 
these workers (3, 4) to be 2-methyl-3-hydroxy-1,4-naphthoquin- 
one. On the basis of its structure this. compound should be 
amenable to potentiometric study. Data will be presented in this 
paper to show that phthiocol is the oxidant of a reversible system 
whose potential in the more usual pH range is among the lowest 
reported for systems of biological origin. 


Results 


The phthiocol used in this investigation was a synthetic sample 
kindly supplied by Professor R. J. Anderson. This compound is a 
weak acid, poorly soluble in aqueous solutions of pH lower 
than its pK value (5.08), more readily soluble on the alkaline side. 
In aqueous solutions the undissociated form has a pale yellow 
color, the anion a dark red. The reduced form of each species is 
colorless. 

Since both components of the system were entirely stable 
throughout the usual pH range, the procedure for potentiometric 
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measurement was similar to that described in earlier papers of this 
series. Veronal buffers as described by Michaelis (24) were sub- 
stituted for the borate system since borates cannot be used with 
polyhydroxy compounds. Corrections were made for change of 
potential attributable to those changes of pH which are caused by 
the products formed in the oxidation-reduction process. All 


TaBLeE I 
Titration of Reduced Phthiocol 


Phthiocol, 0.0005 m, in phosphate buffer (0.1 m); pH 7.321; reduced with 
H, and platinum black; 50 ml. titrated with K;Fe(CN)., 0.005 n; dissolved 
in the same buffer solution. Temperature 30.0°. 





| 























Oxidation | Gn Joe | En observed | E corrected" nn | eee. 
3.90 | +0.04183 | —0.24975 | —0.24986 | —0.20803 | +0.00016 
6.47 | +0.03487 | —0.24285 | —0.24302 | —0.20815 | +0.00004 
9.07 | +0.03009 | —0.23809 | —0.23833 | —0.20824 | —0.00005 
11.66 | +0.02643 | —0.23439 | —0.23470 | —0.20827 | —0.00008 
16.77 | +0.02092 | —0.22866 | —0.22911 | —0.20819 0.00000 
21.90 | +0.01660 | —0.22422 | —0.22481 | —0.20821 | —0.00002 
32.27 | +0.00968 | —0.21705 | —0.21792 | —0.20824 | —0.00005 
42.53 | +0.00393 | —0.21101 | —0.21216 | —0.20823 | —0.00004 
52.87 | —0.00150 | —6.20528 | —0.20671 | —0.20821 | —0.00002 
63.27 | —0.00710 | —0.19941 | —0.20112 | —0.20822 | —0.00003 
73.65 | —0.01342 | —0.19280 | —0.19479 | —0.20821 | —0.00002 
83.88 | —0.02153 | —0.18440 | —0.18666 | —0.20819 0.00000 
94.28 | —0.03658 | —0.16910 | —0.17164 | —0.20822 | —0.00003 
96.84  —0.04468 | —0.16070 | —0.16331 | —0.20799 | +0.00020 
EE SE rT 





* Correction for acid formed on oxidation, total change 2.7 millivolts. 


potentials here recorded are at 30° and have been brought to the 
hydrogen standard in accordance with the conventions of Clark (10). 

Table I contains the results of a typical titration. Blank plati- 
num or gold-plated platinum electrodes registered the same poten- 
tials except at the extremes of the curve, where the gold-plated 
electrode was accepted as furnishing the most reliable potential. 
The uniformity of the E’y values over the whole range of oxidation 
furnishes proof that 2 electrons are involved in the reaction. 
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The value of n = 2 was found to hold also at other pH values and 
no indication of a two-step oxidation was encountered as described 
for the bacterial pigments, pyocyanine (Friedheim and Michaelis 
(20), Elema (14)) and chlororaphine (Elema (15)). 

The relation of E’y to pH is given in Table II. Inspection of 
Table IT shows that the potentials are independent of the titrating 


Tase Il 
Relation of E's to pH 
Temperature 30.0°. 

















Titrating agent | Buffer ee pH E's 
| 
| csi] 
Quinone | HCl 0.0001 1.120 +0.2314 
Mixture | Phosphate 0.0001 2.145 +0. 1699 
. | Citrate 0.0001 2.948 | 40.1215 
¥ Acetate 0.0001 4.119 +0.0497 
“1 , 0.0001 4.643 +0.0156 
Ferricyanide | 2 0.0001 4.653 +0.0165 
Mixture | . 0.0001 5.241 —0.0283 
- Phosphate 0.00005 5.841 —0.0770 
“ « 0.0001 6. 500 —0.1350 
Na.S.0, | . 0.0005 (| 7.321 —0.2059 
Ferricyanide | " 0.0005 | 7.321 —0.2082 
Iodine ” 0.0005 | 7.321 —0.2079 
Ferricyanide | . 0.0001 | 7.344 —0.2100 
Mixture . 0.0001 | 7.344 —0.2101 
* | Veronal | 0.0001 | 8.437 | —0.3067 
° ‘ | 0.0001 | 9.065 | —0.3558 
Ferricyanide | Phosphate | 0.0001 | 10.500 —0. 4456 
Mixture " 0.0001 | 10.870 —0.4645 
. “ | 0.0001 | 11.366 | —0.4909 
" NaOH +. KCl | 0.0001 | 11.546 —0. 5034 
<i , -— oo 0.0001 12.260 | —0.5301 


“ “+ “™ | 0.0001 | 12.561 | —0.5396 





agent employed and of moderate changes in the concentration of 
phthiocol. In those experiments in which an oxidizing agent was 
employed in the titration, the pigment was previously reduced 
with hydrogen in the presence of platinum black. Reoxidation 
will give rise to the original quinone since Fieser (16, 17) has shown 
that a solution of hydroxynaphthoquinone consists of a mixture 
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of tautomers with the orthoquinone form present in extremely 
small concentration. Data given under the heading of “Mixture” 
were obtained with a mixture of oxidant and reductant produced 
by partial air oxidation of reduced phthiocol. The percentage 
oxidation of the mixture was determined by its potential in a 
buffer solution previously used in a titration experiment. 

The complete electrode equation stated with numerical coeffi- 
cient for 30° is as follows: 


[s.] 

[S,] 

[K,, Kr, Kr, + Kr, K,,(H*) + K,,(H*) + (H+)] 
K, + (H*) 





E, = Ey + 0.03006 log + 0.03006 log 





Here (H*) is the hydrion activity, [S,] and [S,] the molar concen- 
rations of total oxidant and total reductant. For 30°, the normal 
potential, Zo, is 0.2987; the apparent dissociation constant of the 
hydroxyl group of the oxidant, K., is 8.32 X 10~-® and the first 
and second apparent dissociation constants of the reductant, K,, 
and K,, are 1.26 X 10-* and 2.88 X 10~. The dissociation of 
the third hydroxyl group of the reductant was not effective in the 
pH range studied, so that the constant K,, may be considered 
negligibly small and hence the term K,,K,,K,, omitted from the 
equation. 

In Fig. 1 the curve labeled phthiocol has been drawn to fit values 
calculated by the equation given above. The experimentally 
determined points are appropriately marked. 


DISCUSSION 


| 
Hydroxynaphthoquinones possessing the grouping O=C—CH 
| 


=C—OH, which Claisen (9) first observed is almost equivalent 
to a carboxyl group, are known to exhibit the properties of weak 
acids. It is therefore not surprising to find that the hydroxyl 
group in phthiocol possesses a pK value of 5.08. Reduction to the 
corresponding naphthohydroquinone causes a marked change in 
the acid properties of the compound. The first dissociable hydrion 
of the reductant has a pK value of 8.90. As a result the system 


7 
exhibits a value of 0.09 for — an in the intermediate pH range. 
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Consequently the system reaches more negative values in the alka- 
line region than would be expected from the values reported by 
Fieser (17) for similar compounds in acid solutions. 

It is of interest to know whether the oxidant or the reductant 
of this system predominates in the living tubercle bacillus. 
Though Anderson and Newman (2) isolated the oxidant, the 
possibility exists that air oxidation of the reductant, which takes 
place readily, may have occurred during isolation. Dr. Anderson 
informs me that investigations are under way which may settle 
this point. The fact that colonies of the organism are described 
as possessing a yellowish tint is suggestive that it is the oxidized 
form which is present. The occurrence of the reductant of such 
a negative oxidation-reduction system in an aerobic organism 
would not be in agreement with previous data concerning the 
intensity level of oxidation-reduction processes in living aerobic 
tissue. Cultures of tubercle bacillus according to Aksianzew (1) 
register potentials ranging from +0.300 volt to +0.005 volt. If 
such potentials are an indication of conditions within the cell the 
phthiocol system would be maintained completely in the oxidized 
state. 

Hydroxynaphthoquinones isolated from natural sources, to- 
gether with the normal potential of their systems, are listed in 
Table III. All except phthiocol are of plant origin. Lapachol 
and lomatiol resemble phthiocol most closely in structure and 
consequently their systems exhibit normal potentials of the same 
magnitude. The system of which lawsone is the oxidant has a 
normal potential about 50 millivolts positive to that of the phthio- 
col system. The substitution of a methyl group in the (2) posi- 
tion tends not only to lower the potential of the system but also 
to decrease about 10-fold the dissociation constant of the hydroxy] 
group of the oxidant (see Fig. 1). In the interpretation of the 
E’-pH curve of lawsone, Friedheim (19) has neglected the funda- 
alk, In 
dpH? 
Fig. 1 the curve has been drawn through Friedheim’s experimental 
points in such a manner as to indicate a dissociation exponent of 
the oxidant at 3.85 and exponents of the reductant at 9.1 and 11.1. 
The juglone system is the most positive of the group. On the 
basis of structural differences this is to be expected since the sub- 


mental principles involved in the use of values for — 
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Hydrozynaphthoquinones from Natural Sources 





Phthiocol 
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in a variety 





of woods (see 
Fieser (18)) 
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in seeds of | 
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As reductant \ 





nut shells 


As oxidant (27) 0. 204" 


As oxidant (19) 0.352 
in henna 0.356* 
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(26) in wal- (0.452* 
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stitution of hydroxyl or alkyl groups is well known to effect a more 
pronounced change in potential of the system if made in the same 
ring that contains the quinone grouping. The occurrence of the 
reduced form of juglone in living cells is in keeping with the higher 
potential of this system. 

Three other naturally occurring hydroxynaphthoquinones have 
been described. Plumbagin, isolated first from the roots and 
stems of Plumbago europea by Madinaveitia and Gallego (23), is 
thought to be a methyl juglone; the position of the methyl radical 
is unknown. Rennie (28) has isolated from the reddish sap of the 
tubers of Drosera whittakeri two pigments. He believes they are 
trihydroxymethyl- and dihydroxymethylnaphthoquinones. The 
position of the substituted groups is unknown. Both of these 
compounds should be of interest for a potentiometric study, for 
if they possess such structures it is possible they are the oxidants 
of systems considerably more negative than phthiocol. 

The relation of the phthiocol system to a number of other 
naturally occurring systems is shown in Fig. 1. A consideration 
of the three systems, the oxidants of which are a lyochrome from 
mammalian tissue (7), echinochrome (8), and phthiocol, shows 
that each in turn, as the pH increases, becomes the lowest of the 
known systems of biological origin. Of particular interest is the 
relation to the lactate-pyruvate system. The values given by 
Barron and Hastings (6) for this system coincide at pH 7.0 with 
the phthiocol system. Phthiocol therefore should be a valuable 
mediator for the study of this electromotively inactive system in 
the biological pH range. Such a study is planned. Conant and 
Pappenheimer’s (13) value for the methemoglobin system, and 
Green’s (21) data for the cytochrome C system were used in Fig. 
1. The source of the data for other systems shown has been cited 
earlier in the text. 

Nearly a dozen pigments from natural sources have been shown 
to form reversible oxidation-reduction systems. All of these are 
not shown in Fig. 1 but lie clustered between the juglone and 
echinochrome systems at pH values 7.0 to 8.0. Most of these 
systems lie between those regions of potential shown by Cohen 
et al. (11) to represent the state of reducing intensity of ameba in 
aerobic and anaerobic conditions (see Fig. 1). This interesting 
fact, coupled with the rapidity with which the reductants of these 
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systems are oxidized by air, has led to the assignment of the rdle 
of accessory respiratory ferments to these pigments. Such in- 
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deed may be their réle though the increased oxygen consumption 
caused by their addition to tissue to which they are foreign is not a 
convincing test of their physiological importance in norma: vespira- 
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tion; especially since increases in quantity of oxygen consumed 
give no indication as to the usefulness of the energy released to the 
normal processes of the cell. Most of these compounds occur in 
lower organisms or plants in which the chief method of respiration 
is still unknown so that the assignment of even a minor réle in this 
process, even in their native tissue, seems at present premature. 

Phthiocol should form a valuable addition to the series of oxida- 
tion-reduction indicators at pH values greater than 6.0. Its solu- 
bility and color intensity in this range are satisfactory. At pH 
7.4 the system lies intermediate to the indigo-monosulfonate (30) 
and phenosafranine (29) systems and slightly negative to the less 
desirable brilliant alizarin blue system (25) which heretofore was 
the only one available in this region. 


SUMMARY 


Phthiocol, 2-methyl-3-hydroxy-1 ,4-naphthoquinone, a pigment 
of the human tubercle bacillus is the oxidant of a reversible oxida- 
tion-reduction system whose potential is among the lowest reported 
for systems of biological origin. Values for the E’> of this system 
at pH values ranging from 1.1 to 12.6 are reported; the normal 
potential at 30° is 0.2987 volt. The following dissociation con- 
stants are assigned: for the oxidant K, = 8.32 X 10~°, for the re- 
ductant K,, = 1.26 X 10-* and K,, = 2.88 X 10—*. The relation 
of this system to other naturally occurring systems, especially those 
whose oxidants are also hydroxynaphthoquinones, is discussed. 
Phthiocol is suitable for use as an oxidation-reduction indicator at 
pH values more alkaline than 6.0. In this range the potential of 
the system lies in a region heretofore sparsely covered by indicators. 


BIBLIOGRAPHY 


. Aksianzew, M. I., Z. Tuberk., 68, 249 (1933). 

Anderson, R. J., and Newman, M. 8., J. Biol. Chem., 101, 773 (1933). 

. Anderson, R. J., and Newman, M. 8., J. Biol. Chem., 108, 197 (1933). 
Anderson, R. J., and Newman, M. S., J. Biol. Chem., 103, 405 (1933). 
Ball, E. G., and Chen, T.-T., J. Biol. Chem., 102, 691 (1933). 

. Barron, E. 8. G., and Hastings, A. B., J. Biol. Chem., 100, xi (1933). 

. Bierich, R., and Lang, A., Z. physiol. Chem., 228, 180 (1934). 

. Cannan, R. K., Biochem. J., 21, 184 (1927). 

. Claisen, L., Ann. Chem., 291, 35 (1896). 

. Clark, W. M., The determination of hydrogen ions, Baltimore, 3rd 
edition, 461-482 (1928). 


one 


SHMNON 


= 


| 
| 
! 
! 
| 
| 
| 
: 


Bo ie Ohl abs 





Cg 


he 
3 
| 
4 





524 Studies on Oxidation-Reduction. XXI 


11. 


SRISKRE 


Cohen, B., Cold Spring Harbor symposia on quantitative biology, 
New Bedford, 1, 214 (1933). Cohen, B., and Chen, T.-T., Proc. Soc. 
Exp. Biol. and Med., 31, 115 (1933). 


. Conant, J. B., and Fieser, L. F., J. Am. Chem. Soc., 46, 1858 (1924). 
. Conant, J. B., and Pappenheimer, A. M., Jr., J. Biol. Chem., 98, 57 


(1932). 


. Elema, B., Rec. trav. chim. Pays-Bas, 60, 807 (1931). 

. Elema, B., Rec. trav. chim. Pays-Bas, 62, 569 (1933). 

. Fieser, L. F., J. Am. Chem. Soc., 48, 2922 (1926). 

. Fieser, L. F., J. Am. Chem. Soc., 60, 439 (1928). 

. Fieser, L. F., J. Am. Chem. Soc., 49, 857 (1927). 

. Friedheim, E. A. H., Biochem. J., 28, 180 (1934). 

. Friedheim, E., and Michaelis, L., J. Biol. Chem., 91, 355 (1931). 

. Green, D. E., Proc. Roy. Soc. London, Series B, 114, 423 (1934). 

. Hellerman, L., Perkins, M. E., and Clark, W. M., Proc. Nat. Acad. Sc., 


19, 855 (1933). 


. Madinaveitia, A., and Gallego, M., An. Soc. espaii. fisic. y quim., 26, 


263 (1928). Tummin Katti, M. C., and Patwardhan, V. N., J. Indian 
Inst. Sc., 15 A, 9 (1932). 


. Michaelis, L., J. Biol. Chem., 87, 33 (1930). 
. Michaelis, L., and Eagle, H., J. Biol. Chem., 87, 713 (1930). 


Mylius, F., Ber. chem. Ges., 17, 2411 (1884). 


. Rennie, E. H., J. Chem. Soc., 61, 371 (1887). 


Rennie, E. H., J. Chem. Soc., 63, 1083 (1893). 


. Stiehler, R. D., Chen, T.-T., and Clark, W. M., J. Am. Chem. Soc., 


55, 891 (1933). 


. Sullivan, M. X., Cohen, B., and Clark, W. M., Pub. Health Rep., U. 8. 


P. H. S., 38, 1669 (1923). 














BY, 


Soc. 


» 


Se. 


ian 


XUM 











THE VITAMIN C CONTENT OF HUMAN TISSUES* 


By MARTIN YAVORSKY, PHILLIP ALMADEN, anv C. G. KING 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 


(Received for publication, June 16, 1934) 


The development of a direct chemical method for the estimation 
of vitamin C in small amounts of tissue has made possible a new 
approach to the study of latent human scurvy and related physi- 
ological problems. Although absolute specificity for the vitamin 
cannot be claimed for the reaction used in its determination (1), 
for most tissues the chemical method gives in a few minutes time 
a more precise measure of the vitamin content of a single bit of 
tissue than could be obtained by feeding large amounts of such 
material over a long period of time. Furthermore, the feeding 
technique cannot be applied to the study of small and essentially 
restricted amounts of tissue such as are included in the present 
investigation. It would also meet with a certain degree of esthetic 
objection. 

It is clear from the data which follow (a) that the distribution of 
vitamin C in human tissues is analogous to that found in guinea 
pigs (1), (b) that the concentration varies over a wide range with 
different individuals, and (c) that latent human scurvy, generally 
unobserved in clinical practice, is fairly common. 

The rapid elimination of large quantities of vitamin C after in- 
gestion (and the continued loss from the body without a dietary 
source being supplied) has been shown by Harris, Ray, and Ward 
(2). Dalldorf, using the capillary resistance test (3), and Hanke, 
in studying dental disorders especially (4), have recently presented 
evidence of wide-spread latent scurvy. The lesions which result 
from vitamin C deficiency (5) give indications of an intimate rela- 
tion to general tissue functions. 


* Contribution No. 284 from the Department of Chemistry, University 
of Pittsburgh. 
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EXPERIMENTAL 


The method used for determining vitamin C was essentially 
that described previously (1), in which a solution of 2, 6-dichloro- 
phenolindophenol (approximately 0.003 m) is added directly to a 
trichloroacetic acid (8 to 10 per cent) extract of the finely ground 
tissue. The dye is reduced rapidly by the vitamin, giving an end- 
point for the titration within 5 to 10 seconds, thus avoiding in 
large degree at least the interference of slower reducing substances 
such as glutathione. 

The tissues used for analysis were obtained from hospital autop- 
sies and used within 24 hours after death. During this interval, 


Tas_e | 
Vitamin C Content of Tissues in Different Age Groups (Mg. per Gm.) 























BOR et ccticiscevedecnstetsineds 1-30 days | 1-12 mos. | 1-10 yrs. | 11-45 yrs. | 46-77 yrs. 
TO rrr ll y ll 17 19 

Adrenal...................-.-| 0.581 | 0.525 | 0.550 | 0.393 | 0.230 
Brain. .....0. ccc cc cccccccccse| 0.400%] 0.189%) 0.4398° 0.110* 
Pancreas.....................| 0.365 | 0.304 | 0.225 | 0.152 | 0.095 
BIE nncncddenes dbackeddevesah Me bee. Gee | Oe. Oa 
Splleen..........ccccececeeeeee) O.158 | 0.112 | 0.157 | 0.127 | 0.061 
Kidney....................-..| 0.153 | 0.122 | 0.098 | 0.098 | 0.047 
Lung..............ceeeeeeeee-| 0.126 | 0.057t| 0.058 | 0.065t| 0.045t 
Heart....................++--| 0.076 | 0.049 | 0.042 | 0.042 | 0.021 
Thymus..............0000202-) 0.904 | 0.319 | 0.190 0.046* 





* Average of two specimens available for analysis in this group. 
+ Average of six specimens available for analysis. 


as shown by repeated tests on analogous tissues, there would not 
be a serious loss (less than 10 per cent) in titration value. 

The average values given in Table I are grouped according to 
age, in consideration of differences common in dietary practice at 
different ages and also in view of differences in metabolism. Pre- 
sumably the vitamin content of the tissues is primarily dependent 
upon dietary intake, but may be further varied to a lesser extent 
in response to physiological disturbances. Phillips and Chang 
(6) have found a moderate increase in the vitamin C content of rat 
tissues as a result of chronic fluoride poisoning, apparently as a 
compensating factor in tissue respiration (the rat being capable of 
vitamin C synthesis). 
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In Table II an indication is given of the degree of variation 
found for different individuals in the same age groups. It is 
reasonable to conclude that, in cases in which the vitamin content 
was extremely low, there had existed a condition of latent scurvy. 
































Tase II 
Typical Individual Variations in Vitamin C Content of Tissues (Mg. per Gm.) 
Age Adrenal |Pancreas| Liver | Spleen | Kidney | Heart 
14 days....................| 0.913 | 0.237 | 0.244 | 0.126 | 0.200 | 0.076 
Still-born..................] 0.745 | 0.343 | 0.110 | 0.184 | 0.099 | 0.042 
24 days....................}| 0.059 | 0.056 | 0.078 | 0.018 | 0.047 | 0.020 
3 mos................-.+--| 1.300 | 1.000 | 0.238 | 0.188 | 0.305 | 0.117 
IW“ oe ee ce cece ee ee ee | 0.084 | 0.084 | 0.068 | 0.048 | 0.034 | 0.017 
5 yrs...........-.2.++++++-| 1.080 | 0.274 | 0.234 | 0.161 | 0.145 | 0.078 
5 cece eee ce cece cece ees} 0.191 | 0.087 | 0.114 | 0.124 | 0.067 | 0.049 
C4 eee eee ee ee ee ee ee | 0.706 | 0.177 | 0.276 | 0.272 | 0.040 | 0.063 
BB kee e ee ee esse ees +| 0.033 | 0.022 | 0.029 | 0.023 | 0.022 | 0.027 
TO occ ceeeee cece ee eeees| 0.027 | 0.022 | 0.018 | 0.012 | 0.011 | 0.017 
Taste III 
Depletion of Vitamin C from Guinea Pig Tissues 
Diet Adrenal | Liver | Kidney | No. of 





mg. per mg. per mg. per 
gm. gm. 


gm. 
Basal + spinach’. . .| 0.70 0.10 0.08 8 
“vitamin C-free, ‘15 ‘days (beain- 
ning to lose weight).. Sted .| 0.08 0.03 0.03 6 
Basal vitamin C-free, 28 days (severe 
| a Pee Oa e oe eT 0.01 0.01 6 




















* These animals are not necessarily normal in the sense of having an 
optimum vitamin intake, for animals having the vitamin under physi- 
ological control maintain a concentration approximately 100 per cent 
higher (1). 


Of the thirty-one cases less than 10 years of age, four individuals 
were in a range so low that latent scurvy was clearly evident. 
Others were in an intermediate range indicated by the extreme 
values given in Table II. Among the thirty-six cases over 10 years 
of age, in six individuals the vitamin contents of the tissues were 
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critically low, indicating a depletion nearly as severe as found in 
terminal human or guinea pig scurvy. From a study of the case 
histories and autopsy findings, there had been no specific considera- 
tion of scurvy in any of the cases. There was evidence in several 
cases however that the patients had been upon dietaries very low 
in antiscorbutic foods for several weeks or more prior to admission 
to the hospitals, and there were several cases in which clinical and 
autopsy records indicated conditions which might well have been 
in part due to latent vitamin deficiency. Generalized infections 
were more common among those having a low vitamin C content 
in their tissues. It is suggested that a titration of the vitamin C 
content of blood samples or other body fluids might be of diagnostic 
value clinically, and that tissue titrations might be of value fre- 
quently as a supplement to autopsy records. 

Table III gives comparative data for guinea pigs, which may 
serve to indicate the general distribution and rate of depletion in 
relation to the onset of scurvy. 


The authors are greatly indebted to the several pathologists who 
cooperated in supplying the tissues for analysis and in discussing 
the physiological implications of the chemical data. The courtesies 
extended by the following hospitals are also gratefully acknowl- 
edged: Mercy, Children’s, Western Pennsylvania, St. John’s, 
Elizabeth Steele Magee. 


SUMMARY 


The quantities and relative distributions of vitamin C, found by 
direct chemical titration of human tissues from 67 hospital autop- 
sies, were found to correspond fairly closely with data obtained 
from titration of guinea pig tissues. The general order according 
to concentration was: adrenal, brain, pancreas, liver, spleen, 
kidney, lung, heart, muscle. In the younger age groups the thy- 
mus content was about as high as that of the pancreas. The 
average values ranged from about 0.55 mg. per gm. for adrenal 
tissue down to about 0.04 mg. for heart tissue. Individual cases 
varied from approximately 3 times higher than the average down 
to less than 0.1 the average values. The average for each of the 
tissues from those under 10 years of age was distinctly higher than 
from those over 10 years of age. Approximately 20 per cent of the 
cases gave evidence of a condition of latent scurvy. 








o wm w& bw 











Yavorsky, Almaden, and King 529 
in BIBLIOGRAPHY 
= 1. Bessey, O. A., and King, C. G., J. Biol. Chem., 108, 687 (1933). 
ra- 2. Harris, L. J., Ray, 8. N., and Ward, A., Biochem. J., 27, 2010 (1933). 
ral 3. Dalldorf, G., Am. J. Dis. Child., 46, 794 (1933). 
ow 4. Hanke, M. T., Diet and dental health, Chicago (1933). 
on 5. Bessey, O. A., Menten, M. L., and King, C. G., Proc. Soc. Exp. Biol. 


a and Med., 31, 455 (1934). 
6. Phillips, P. H., and Chang, C. Y., J. Biol. Chem., 106, 405 (1934). 


ho 
ng 
ies 
v1- 


' 
| 
i 
: 
| 
| 
| 
2 
: 
: 
: 
' 
{ 


by 


_——— P< et wr tre 


ed 
ng 





y- 
he 
al 
es 
wn 
he 
in 
he 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. 106, NO. 2 





KUM 





B 
of 
te 
al 
(g 
in 
al 
m 
vi 
al 
la 
he 
st 
of 
wi 
tis 
m 
be 
al] 
tic 
pl: 
we 
An 
J 








~ . : _ . wre ; es z eee . . ny roa 
- a = a cee ee Oe Ve . raat erent 



































THE EFFECTS OF MODERATE DOSES OF VIOSTEROL 
AND OF PARATHYROID EXTRACT UPON RATS* 
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Much work has been done in recent years upon the toxic effects 
of overdoses of viosterol and of parathyroid extract in the effort 
to discern the mode of action of these potent substances. Shelling 
and Asher (18), Hess, Benjamin, and Gross (6), Jones and Robson 
(9), Harris and Innes (5), and others have tried the effects of vary- 
ing the calcium and phosphorus contents of the experimental diets 
and have found that the pathological manifestations of hypervita- 
minosis are more obvious and severe usually on diets which pro- 
vide generous amounts of these elements, although even calcium- 
and phosphorus-free diets may allow the symptoms to appear if a 
large enough excess of viosterol is used (6). The clinical problem, 
however, is most concerned with the limits of toxicity of this sub- 
stance as well as that of parathyroid extract as they occur in diets 
of normal calcium and phosphorus content and ratio. It seemed 
worth while therefore to make a detailed study of the bones, soft 
tissues, and serum of rats fed such a diet and given varying and 
moderately excessive doses of viosterol and parathyroid extract 
both together and separately. 

The diet used had the composition shown in Table I. This diet 
allows normal growth either with or without viosterol in therapeu- 
ticamounts. The rats which were used in the present study were 
placed on the diet at 28 days of age and during the following 6 to 8 
weeks gained 18 gm. a week when given viosterol, 3 D or 10 D, and 


* A brief report of this study was presented before the meeting of the 
American Society of Biological Chemists at Cincinnati, April 12, 1933 
(J. Biol. Chem., 100, Ixxi (1933); Proc. Am. Soc. Biol. Chem., 8, 1xxi (1933)). 
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15 gm. a week without such additions. The calcium and phos- 
phorus content and ratio, 0.62 and 0.40 per cent and 1.55 respec- 
tively, are close to the range usually suggested as optimal for rats, 
The Ca: P ratio is also similar to that of cow’s milk, a food making 
up much of the diet of infants treated with viosterol. Six groups 
of animals were used altogether, four for comparison of effects of 
varying doses of viosterol' and two for observation of similar re- 


TABLE | 
Composition of Diet 
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sults of the injection of parathyroid extract.2 The procedure 
consisted of feeding the diet to the rats beginning at the age of 28 
days for 5 to 8 weeks, usually 6 weeks. Calcium and phosphorus 
balance studies were made on three of the groups during most of 


1 We are indebted to Mead Johnson and Company through Dr. C. E. Bills 
for the viosterol 10,000 X which was used in these experiments. 

2 We are indebted to E. R. Squibb and Sons for the parathyroid extract 
used in this part of the study. 
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this time. At the end of the feeding period the animals were 
killed and blood was removed without anticoagulant from the 
beating heart. Calcium and inorganic phosphorus were deter- 
mined in the serum. Kidneys and usually hearts as well as femurs 
and tibias were dissected out, dried, and analyzed for ash, calcium, 
and phosphorus. The bones were extracted thoroughly with 
alcohol and ether before being incinerated and were divided accord- 
ing to the suggestion of Hess, Berliner, and Weinstock (7) into 
portions consisting of metaphyses, or the spongy epiphyseal por- 
tion, and shafts, ordiaphyses. These parts were ashed separately. 
However, only the epiphyseal portion of the tibias was examined. 
The line test technique was applied in most cases to one of the 
tibias and a record made of the amount of spongiosa seen under the 
binocular microscope. 

Calcium and Phosphorus Retentions—As may be seen in Table 
II, the retention of calcium on this diet is favorably affected by 
viosterol fed at the level of 10 D. Throughout our study we have 
used the Steenbock vitamin D unit to designate the amount of 
irradiated ergosterol given. The commercial 250 D preparation. 
used at first was tested and found to contain the full potency in- 
dicated. The first three groups of rats used were divided into two 
parts, one-half receiving no addition of viosterol and one-half a 
corn oil dilution of the viosterol equivalent to 10 times the thera- 
peutic dose of cod liver oil. 

Eight balance studies of 1 or 2 weeks duration each were made 
upon these six groups, during two of which 80 units of parathyroid 
extract were injected in four doses into each of the rats. In all 
but one of the balance studies, which were uncomplicated by para- 
thyroid treatment, the calcium retentions of the viosterol-fed 
rats were considerably’ greater, ranging from 26 to 39 per cent 
more than were those of the group given no viosterol. The phos- 
phorus retentions during these periods were usually but not in- 
variably better in the viosterol-fed group. This more specific 
effect upon calcium retention is reflected in the larger Ca:P ratio 
of retentions of the viosterol-fed animals. 

During Periods 2 and 4 for Group II-b, in which 80 units of 
parathyroid extract were administered, the excretion of both cal- 
cium and phosphorus was increased in both viosterol-fed animals 
and those not fed viosterol. In Period 2, moreover, the intakes 
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of these elements were only slightly depressed below those seen in 
Periods 1 and 3 for the same animals without parathyroid treat- 
ment. During Period 2 the retention of calcium by the viosterol- 
fed rats was reduced by about 53 per cent from that of the com- 
parable Periods 1 and 3 while the calcium retention of the rats 
without viosterol was reduced by 35 per cent. The correspond- 


TaBLe II 
Calcium and Phosphorus Retentions of Rats with and without Viosterol and 
Parathyroid Extract (Mg. per Rat per Week) 
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I | 6 | 49 | 1 14/10 D 293 | 116 | 177 | 190 | 78 | 112 
| 8 None 244 | 156 | 88 | 163 | 94 | 69 
ia} 6 | 28 | 1 | 14 | 10D 229 | 102 | 127 | 145 | 65 | 80 
6 | None 229 | 118 | 111 | 145 | 58 | 87 
| 6 |}42/ 2! 7/10D 227 | 130 | 97 | 142] 68 | 74 
8 | | | None 228 | 158 | 70| 144/ 82 | 62 
6 | 49 3 | 14/10 D| | 250 149 | 101 | 157 | 87 | 
& | | None 248 | 127 | 121 | 157 | 76 | 81 
| | 
II-b] 5 | 28 | 1 | 14 | 10 D 244 | 105 | 139 | 158 | 60 | 98 
| 7 | | None 243 | 142 | 101 | 158 | 76 82 
| 3 | 42 | 2 7 | 10 Dj 80 213 | 148 | 65 | 140| 95 | 45 
| 8 | | None] 80 | 220 | 149 | 71 | 144| 96 | 48 
3 | 49 | 3 | 14) 10D 239 | 102 | 137 | 155 | 76 | 79 
8 None 240 | 123 | 117 | 156 | 77 | 79 
emt yeRe. 10 D} 80 | 120] 89| 31| 83| 71 | 12 
| 8 None! 80 | 167 | 121 | 46/111 | 78 | 33 
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ing reductions in phosphorus retention during Period 2 from the 
averages for Periods 1 and 3 were 49 and 40 per cent. The influ- 
ence of the viosterol, if any exists, on the losses occasioned by 
parathyroid treatment is to increase such losses. 

The changes in the retentions due to parathyroid treatment in 
Period 4 of Group II-b are less easily assessed because of the greater 
lowering of food intake due to the effect of the parathyroid extract. 
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It is obvious, however, that the retentions of both calcium and 
phosphorus are smaller in proportion to intakes in this period than 
in the non-parathyroid Periods 1 and 3. Thus in Periods 1 and 3 
of Group II-b the percentage of calcium intake retained is 41 to 57 
and of phosphorus is 51 to 62. In Period 2 it is 30 to 33 per cent 
of both calcium and phosphorus intakes and in Period 4, 14 to 29 
per cent. 

Thus the primary effect of the viosterol appears to be upon cal- 
cium retention, perhaps through a decrease in the case of calcium 
excretion into the intestine but without so consistent an effect upon 
phosphorus output. The parathyroid extract on the other hand 
appears to act both upon phosphorus and caleium outputs, increas- 
ing them in both cases. The calcium output is increased more 
significantly by the parathyroid treatment in the case of the rats 
receiving viosterol than in those without it. This raises some 
question as to the validity of the hypothesis that the hormone 
acts only by stripping calcium phosphate from the bones. If 
circulating calcium is less easily excreted in the presence of vita- 
min D as is often predicated, a less noticeable increase in output 
should be seen following the administration of the extract to the 
rats receiving viosterol than to those which did not receive it. 
But this is apparently not the case. 

The study of Pugsley (16) upon calcium and phosphorus output 
as affected by parathyroid extract was not parallel with ours, 
since he used adult rats fed a low calcium diet, 0.266 per cent 
phosphorus, 0.025 per cent calcium, of very low Ca:P ratio, and 
obtained in consequence the typical immunity or gradual failure 
of response to the hormone which we have found (15) associated 
only with the low calcium diet. He noted an increase at first in 
phosphorus and calcium excretion in the parathyroid-treated ani- 
mals, followed by a decrease in most cases, but made no attempt 
at calculating gross retentions. 

Serum Calcium and Phosphorus—The anticipated larger increase 
in serum caleium due to parathyroid extract injection in the pres- 
ence of vitamin D as compared with the condition in its absence, 
is actually seen in the serum of our rats which also received vios- 
terol. Table III shows that the serum phosphate is little changed 
by this treatment in any of the groups on this diet, but serum cal- 
cium is more easily raised by parathyroid extract in the groups 
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receiving 10 D than in those without it. Thus 60 units of the 
extract raised the serum calcium of the rats fed viosterol 10 D from 
12.0 to 15.5 mg. per 100 cc., but had no effect on the serum cal- 
cium of the rats without viosterol. However, 160 units raised 
both serum calcium and phosphorus of the latter group to the 
high levels of 28.7 and 14.3 mg. per 100 cc. respectively. The 
same amount of the hormone administered to rats given viosterol 
10 D was fatal in nearly all cases and the blood was so dehydrated 
and viscous as to prove impossible to analyze. Thus the effects of 


TasB.e III 


Serum Calcium and Phosphorus of Rats 63 to 67 Days Old As Affected by 
Viosterol and Parathyroid Extract 








No. of groups | Total No. Viosterol | Total parathy-) Total Ca | Inorganic P 
ait mg. , on mg. | thong cc. 
8 24 None 12.0 11.0 
4 17 “si 12.2 8.9 
1 6 > 160 28.7 14.3 
4 11 . 60 11.6 11.0 
5 19 3D 13.3 9.4 
7 22 10D 12.0 10.1 
3 6 10D 160 
2 8 10D 60 15.5 11.1 
2 8 500 D 13.6 9.0 
5 18 1000 D 15.7 12.8 
3 9 1500 D 14.5 12.0 
3 8 2000 D 17.2 12.2 




















the vitamin and the hormone appear to be similar and cumulative. 
The less notable changes in serum inorganic P may be due to the 
greater ease with which this substance is excreted by way of the 
kidneys. This was not verified in our study, however, because no 
separation of output in urine and feces was attempted in the bal- 
ance experiments. 

The larger doses of viosterol were given as dilutions of the vios- 
terol }0,000 < supplied by Dr. C. E. Bills. This was taken to be 
equivalent to 30,000 D in Steenbock units. Serum analyses were 
made on rats given viosterol 500 D, 1000 D, 1500 D, and 2000 D. 
As shown in Table III a significant rise in calcium is produced at 
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1000 D, 1500 D, and 2000 D levels. This rise is of the order of 
that produced by 60 units of parathyroid extract plus viosterol 
10 D. 

Calcification of Kidneys and Hearts—The ash, calcium, and phos- 
phorus contents of dried kidneys in all cases and dry blood-free 
hearts in some cases were determined. Table IV shows the strik- 
ing increase in calcium and phosphorus content of these organs 
produced by even apparently innocuous doses of parathyroid ex- 


TasLe IV 
Ash, Calcium, and Phosphorus Content (Measured in Per Cent of Dry Weight) 
of Kidney and Heart of Rats As Affected by Moderate Amounts of 
Viosterol and Parathyroid Extract 









































| Total Kidney Heart 
Moot Neiot| Age |Viosterol| «Persia 
| extract Ash | Ca P |Ca:P| Ash | Ca! P |Ca:P 
days units 

6 35 | 68 | None 4.3} 0.08} 0.87) 0.09) 4.4 0.050. 59/0.08 
2 | 19 | 64 3 D 4.5} 0.08) 0.94) 0.08 
3 12 | 70 10 D 4.2) 0.05) 0.82) 0.06) 4.5 |0.06)0.49/0.12 
1 8 | 64 | 500 D 4.4) 0.10} 1.02) 0.09 
2 18 | 64 {1000 D 5.3) 0.13] 1.13) 0.11 
1 9 | 64 |1500 D 4.9] 0.19) 1.10} 0.18 
1 8 | 64 |2000 D 6.0) 0.32) 1.25) 0.25 
1 2 4000 D 7.64) 5.29) 1.44 
1 3 | 70 10 D160 4.53) 2.60) 1.36 1.10/0.60)1.83 
2 6 | 60 10 D) 80-100 5.16) 2.81) 1.83 0.68)/0.80)0.85 
5 | 13 | 70 10 D| 60 10.1) 3.09) 2.14) 1.44) 5.4 |0.45)0.92/0.49 
1 7 | 70 | None |160 5.58) 2.74) 2.00 1.15)0.67/1.71 
3 9 | 70 ™ 60 9.1) 1.91) 1.87) 1.02) 5.0 |0.08/0.59)0.13 























tract. In only one group, that of the non-viosterol-fed rats given 
60 units, was a normal content found in the hearts and in no cases 
in the kidneys. On the other hand moderate excess of viosterol 
alone produces considerably less mineralization of the kidneys, 
although from 1000 D up abnormal amounts of both calcium and 
phosphorus were present. In the case of two rats which by mis- 
take were given viosterol 4000 D for 1 week and which died of this 
overdosage, very high ash content of the kidneys was found. The 
six rats given viosterol 10 D and 80 or 100 units of parathyroid 
extract also died of overdosage and these are seen to have also 
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exceedingly high calcium and phosphorus content of kidneys. 
Apparently surviving animals are able to demineralize these organs 
to some degree, and death from overdosage either of the extract or 
the viosterol may be due to renal failure from this calcification. 
Attention might well be paid to this possibility in the clinical use 
of both parathyroid extract and viosterol. 

The far greater deposition of these elements in the kidneys of 
the parathyroid-treated animals as compared with those receiving 
moderate excesses of viosterol is puzzling in view of the fact that 
the serum values for calcium and phosphorus were even greater in 
the latter in some cases than in the former. The partition of the 
serum calcium between diffusible and non-diffusible fractions may 
be different in the two groups, but no clear demonstration of this 
is as yet available. 

This effect of the parathyroid extract on the kidneys was ob- 
served by Hueper (8) and has been suggested as the probable cause 
of death from overdosage. Light, Miller, and Frey (12) offer data 
on the kidney and heart ash of their animals poisoned by excessive 
doses of viosterol which are difficult to interpret and apparently 
erroneous since the calcium and phosphorus content and ratio 
of the ashes are quite unlike any others reported in the literature. 
Smith and Elvove (19) found calcium contents in the kidneys of 
rabbits given 2.5 and 10 mg. of irradiated ergosterol daily, which 
are of much the same order as those seen in our parathyroid- 
treated rats. Brown and Shohl (3) noted metastatic calcification 
in rats beginning at the 5000 D level and Shelling and Asher (18) 
at 1250 D in animals on a stock diet quite like ours in calcium 
and phosphorus content. Actual analyses are offered only by 
Light, Miller, and Frey and by Smith and Elvove. 

Composition of Bones—The separate analyses of the metaphyses 
and diaphyses of the femurs revealed certain differences not dis- 
cernible by ashing of the whole bone. The spongiosa-containing 
portion of the tibias was also examined and this was found to be 
practically the same in ash, calcium, and phosphorus content as 
the corresponding part of the femurs. As seen in Table V little 
difference exists in the ash per cent of extracted tibias, metaphyses, 
and shafts of rats given this normal diet and no viosterol or doses 
at the levels of 3 D and 10 D. The average ash values are 49.1 
for the tibias, 49.9 for the metaphyses, and 63.5 for the shafts. 
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There is no significant difference from these averages exhibited 
by any of the groups on these three régimes. The group given 
viosterol 500 D appears to have a definite hypercalcification, how- 
ever, the metaphyses being 52.7 per cent ash, although the shafts 
are about like the others, that is 64.1 per cent ash. The groups 
given viosterol 1000 D, 1500 D, and 2000 D show significant and 
progressive lowering of the ash of both metaphyses and shafts in 
about the same amounts. 

The animals given 60 to 160 units of parathyroid extract with 
no viosterol exhibited no effect of the treatment in the bones, but 


TABLE V 


Ash Content of Fractions of Bones of Rats, 64 to 84 Days Old, As Affected by 
Viosterol and Parathyroid Extract 





| | Total | Ash in extracted bones 

| parathy- 
roid | re 

| extract | Tibia 


No. of 
rats 





Viosterol ; 
Metaphysis | Shaft of 
offemur | femur 





units per cent per cent 
0.3/63.4 + 0.2 
0.5/64.0 + 0.3 
0.3/63.1 + 0.4 
1.2/64.1 + 0.4 
0.5/63.5 + 0.3 
0.4/64.1 + 0.2 

0 
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8 
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10 
500 
1000 
1500 
2000 








0.2 + 0.2 
0.6 + 0.3 
0.4 + 0.3 





5 
2 
2 
3 
4 
1 
2 
1 
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those which received the same amounts of hormone along with 
viosterol 10 D had a distinct lowering of the metaphysis ash of the 
same order as that seen in the rats given viosterol 1000 D. How- 
ever, no lowering of ash content of the shafts was seen. It is 
possible that larger doses or a longer treatment with the parathy- 
roid extract might produce a demineralization of the shafts. It is 
interesting, however, to note the rapid depletion of the trabecular 
ash produced without thinning of the cortex by the extract as com- 
pared with similar losses due to 1000 D viosterol dosage, for ex- 
ample, which was accompanied by definite demineralization of the 
shafts. 
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Calcium and phosphorus determinations were made upon the 
ash of most of the bone fractions examined. Except for certain 
irregularities in the proportions of these elements in the ash of the 
tibias, almost constant figures were found. Ash of metaphyses 
and shafts of the femurs in all cases contained 36.8 to 39.8 per cent 
calcium and 16.3 to 18.6 per cent phosphorus, the means being 
38.0 and 17.6. These are close to the theoretical figures, 38.9 and 
17.2, calculated from the dahllite formula for bone, CaCO; -2Ca,- 
(PO,)2. Greater variability is seen in the corresponding propor- 
tions in the tibias. Whatever the nature of the ash loss in the 
bones of animals given excess viosterol and parathyroid extract, 
it does not involve any notable change in the proportions of cal- 
cium and phosphorus. This confirms a number of previous ob- 
servations, among which the x-ray studies of Taylor and Sheard 
(20) and Roseberry, Hastings, and Morse (17) may be mentioned 
as indicating a definite crystalline structure of bone. Dislodge- 
ment of both carbonate and phosphate simultaneously must occur 
in the dissolution of bone brought about by both the excess vios- 
terol and parathyroid extract. 

Appearance of Cut Bones—It has been noted previously (13) 
that this normal diet without vitamin D produces bones of normal 
strength but unusually rich in well calcified spongiosa. Ash 
analyses do not indicate that these bones are hypercalcified, al- 
though the metaphyses often appear richer in ash and in calcium 
than do those of similar animals fed optimal amounts of vitamin D. 
The orderly and rather scanty trabecule shown by rats given 
viosterol are depleted in the bone of the parathyroid-treated 
animals as are the more profuse deposits seen in rats without vita- 
min D when similarly treated. 

In Fig. 1 are shown illustrative cut tibias treated with silver 
nitrate in order to darken the calcified areas. These are from 
three rats fed the normal diet, one without vitamin D, one with 
viosterol 3 D, and one with viosterol 1000 D. The heavy trabec- 
ule characteristic of no vitamin D are clearly evident, the fine 
regular calcium line of the bone of animals receiving normal doses 
of vitamin D, and an irregular and thinning deposit in the bone of 
those receiving viosterol 1000 D. Harris and Innes (5) have 
described as due to excess viosterol a depletion of the hypercalei- 
fied spongiosa beginning at the epiphyseal growth cartilage and 
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‘moving toward the marrow cavity. We have seen but little in- 
‘termediary spongiosa calcification even in the group receiving 


viosterol 500 D and cannot interpret the appearance of the bones 
of animals receiving viosterol 1000 D and viosterol 2000 D as 
representing the progressive depletion of such deposits. The 


. break in the center of the growth cartilage in these bones is char- 


acteristic and has been described also by Géttsche and Kellner 
(4). The second line of trabecule apparently receding from the 
epiphyseal growth area may represent merely the partly completed 





Fic. 1. The appearance of cut tibias of rats 65 days old, fed a normal 
diet, (a) from a rat which received no vitamin D, (b) from a rat which re- 
ceived viosterol 3 D, and (c) from a rat which received viosterol 1000 D. 


process of resorption of bony material both from the epiphyseal 
border and from the cortex of the shaft. Our ash figures seem to 
indicate that both parts of the bone are simultaneously and equally 
decalcified by excess vitamin D. The apparently clean removal of 
trabeculae at the growth cartilage which we have seen in these 
and previous studies (13) of parathyroid-treated bones may mean 
that moderate doses of the hormone first cause resorption of the 
trabecular deposit and perhaps only in excessive amounts attack 
the cortex. This is indicated by our figures for ash (Table V). 
Hess, Berliner, and Weinstock (7) found for eleven rats on nor- 
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mal diet values of 63.8 per cent ash in the shafts and 51.2 in the 
metaphyses. These figures are very close to those shown by our 
normals. Brown and Shohl (3) saw a rise in total femur ash with 
viosterol 100 D and 1000 D but a fall from 5000 D on. Light, 
Miller, and Frey (12) noted a fall in femur ash beginning at 40 D. 
Jones and Robson (10) have recently described a similar fall in 
femur ash on 30,000 D. Bischoff (2) using dogs, Bauer, Aub, and 
Albright (1) using rats, and Taylor, Weld, Branion, and Kay (21) 
using fowls, found denser bones resulting from parathyroid treat- 
ment. But Lambie, Kermack, and Harvey (11) in rats, and 
Bauer, Aub, and Albright (1) in rabbits have observed thinning 
of trabecule from the same treatment. It is possible that both 
these conditions may result even in the same animal if depletion 
of trabecule be followed at first by deposition in the shaft of the 
calcium phosphate thus removed. 

In any case, all of the effects noted by us as resulting from the 
parathyroid treatment are more obvious in those animals which 
also received the moderate dose of viosterol, 10 D, than in those 
which received no viosterol. Thus the calcium and phosphorus 
retentions were more reduced on the same intake when parathyroid 
was given the viosterol-fed group, the serum calcium was more 
elevated in the cases which could be compared, the kidneys and 
hearts contained more calcium phosphate, the bone ash was more 
reduced in the viosterol-fed than in the non-viosterol-fed rats. 
Quite comparable effects have been observed in our laboratory 
previously on rats and on dogs (14). 

If a distinction between the mode of action of these two agencies 
exists, the parathyroid hormone and vitamin D, it can only be 
discovered by seeking for clear differences in their effects. So far 
such differences have not been satisfactorily demonstrated. Such 
differences as we have here noted may be only matters of degree 
rather than of kind. The greater calcification of kidneys and 
hearts produced by the parathyroid extract with a given rise in 
serum calcium and phosphate as compared with that produced 
by excess viosterol, may possibly be achieved by the latter in 
larger concentrations. Indeed, the calcification of kidneys of our 
two rats which died of 4000 D viosterol appears to illustrate this 
fact. 

The more specific depletion of trabecule rather than of shafts 
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which our parathyroid-treated rats show may possibly be dupli- 
cated by excess viosterol under other circumstances than those 
of our experiments. 


SUMMARY 


1. The retention of calcium and phosphorus was usually better 
in rats fed a diet of normal calcium and phosphorus content and 
ratio with viosterol 10 D than without it. When 80 units of para- 
thyroid extract were given each animal during 1 week the calcium 
and phosphorus retentions were lowered in both cases but more 
noticeably in the viosterol-fed group. 

2. The serum calcium and inorganic phosphate were more in- 
creased by parathyroid extract in the rats which received viosterol 
10 D than in those which did not and were raised in proportion to 
the amount of the extract given. Viosterol 1000 D and 1500 D 
had an effect on serum similar to that of viosterol 10 D with 60 
units of parathyroid extract. 

3. There was a progressive increase in ash, calcium, and phos- 
phorus content of kidneys with increasing doses of viosterol up to 
2000 D and a similar but far greater increase in the parathyroid- 
treated animals. Kidney ash in the latter was raised 2 to 3 times 
the normal values. 

4. The metaphysis or head of the femurs and tibias and also the 
shafts showed progressive loss of ash with increasing amounts of 
viosterol, 500 D to 2000 D, but the parathyroid treatment pro- 
duced little ash depletion, particularly in the shafts. 

5. The cut tibias showed heavy trabecular deposit in the rats 
given no vitamin D, a fine clear line of calcium deposition at the 
epiphyseal margin in those given normal doses of vitamin D, an 
irregular thin deposit with break in cartilage and secondary deposit 
in the marrow in those given moderately excessive doses of vios- 
terol. The calcium and phosphorus content of all bone ashes 
remained within the normal range. 

Thus viosterol and parathyroid extract have similar and additive 
effects upon serum, kidneys, and bones of animals fed the normal 
diet but the calcification of kidneys is more marked in the para- 
thyroid-treated and decalcification of bones more advanced in the 
viosterol-treated animals of similar serum composition..- 
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THE EFFECT OF ACIDITY ON THE CARBON MONOXIDE- 
COMBINING POWER OF HEMOGLOBIN IN THE 
BLOOD OF MARINE FISHES* 


By RAYMOND W. ROOT ann ARDA ALDEN GREEN 
(From the Woods Hole Oceanographic Institution, Woods Hole) 


(Received for publication, June 21, 1934) 


Previous studies on the effect of hydrogen ions on the equilib- 
rium between hemoglobin and oxygen in the blood of a number of 
marine teleosts (Root, 1931; Green and Root, 1933) indicated 
rather strongly that acidity not only exerts the usual Bohr effect 
on these hemoglobins, but also causes them to lose a large 
fraction of their oxygen-combining power, even when they are 
exposed to an atmosphere of oxygen. It seemed probable, 
from the shape of the dissociation curves at acid reactions, that 
increasing the oxygen tension still further would not result in 
increasing the amount of oxygen combined with the hemoglobin— 
that is, that there is a true reversible inactivation of the respiratory 
pigment. Such inactivation might be due to the inability of the 
prosthetic group on the hemoglobin to combine with any gas in 
the presence of acid, or depend upon some particular behavior of 
the oxygen. 

In human blood the dissociation curves for carboxyhemoglobin 
are essentially like those for oxyhemoglobin, except for the fact 
that carbon monoxide has a .combining power some 245 times 
greater than that of oxygen (Douglas, Haldane, and Haldane, 
1912). If such a situation exists with respect to fish hemoglobin, 
then data procured with the use of carbon monoxide ought to be 
comparable with data obtained by raising the oxygen tension by 
an amount proportional to the difference in combining power of the 
two gases, and, thus, show whether an increase in oxygen tension 
far above that used in previous work would increase the amount of 
oxygen bound in acid solutions. With this idea in mind a com- 


* Contribution No. 50. 


545 











546 CO-Combining Power of Hemoglobin 


parison has been made of the behavior of fish hemoglobin in the 
presence of oxygen and carbon monoxide, especially at acid 
reactions. 

Experiments were conducted with the bloods of the sea-robin, 
Prionotus carolinus, L., the tautog, Tautoga onitis, L., and the 
toadfish, Opsanus tau, L. The results show that there is no loss 
of carbon monoxide capacity in acid bloods. Moreover, the use 
of carbon monoxide is not exactly comparable with increasing the 
oxygen tension in proportion to the difference in their combining 
power, for the dissociation curves obtained with the two gases are 
not always similar in shape. 


Methods 


The technique of handling the blood was the same as described 
in the previous paper (Green and Root, 1933), except for the added 
procedure for the determination of carbon monoxide. All blood 
samples were equilibrated in a water bath at 25° and analyzed 
immediately in duplicate with the Van Slyke constant volume 
apparatus. The procedure described by Sendroy and Liu (1930) 
was used for the determination of carbon monoxide in the blood, 
the gas finally b-ing absorbed by ammoniacal cuprous chloride 
solution. The gas in the tonometers was analyzed with the Hal- 
dane apparatus to which was attached a combustion chamber for 
the determination of carbon monoxide. The carbon monoxide 
was prepared from formic and sulturic acids and stored for use 
over water. 

All data expressing the amount of gas in the blood have been 
corrected for dissolved gas. An oxygen solubility coefficient of 
2.70 volumes per cent per atmosphere (Green and Root, 1933) was 
used in calculating dissolved oxygen. Carbon monoxide solubility 
coefficients were experimentally determined for sea-robin and 
tautog bloods, the values obtained being 1.75 and 2.09 volumes 
per cent per atmosphere respectively. The value for tautog blood 
was assumed to hold for toadfish blood. 

The pH of the blood has been calculated from gasometric data, 
the Henderson-Hasselbalch equation being used, assuming pK’; 
equal to 6.22 for whole blood at 25°. Bohr’s (1905) solubility 
coefficient was adopted for the determination of dissolved carbon 
dioxide. Ina number of cases the pH was measured with the glass 








cu 








the 
cid 


ded 


ed 
ime 
130) 


ride 
Jal- 
' for 
xide 


een 
t of 
was 
ility 
mes 
lood 
ata, 
OK"; 
ility 


rlass 








R. W. Root and A. A. Green 547 


electrode. The values obtained by measurement averaged about 
0.06 pH higher than the calculated values and indicate that some 
adjustment should be made in the constants of the equation. 
However, since constancy of pH is more important than the abso- 
lute values in this problem, no attempt has been made to evaluate 
new constants. The calculated pH value is given in each case, 
thus making it directly comparable with previous data on these 
bloods. 
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Fra, 1. The carbon monoxide (upper) and oxygen (lower) dissociation 
curves for sea-robin blood at pH 7.2. The oxygen pressure for each point 
on the oxygen curve has been divided by 25. The curves drawn through 
the points are rectangular hyperbolas. The dissociation constant for the 
carbon monoxide is actually 165 times greater than that for the oxygen 
curve. 


Carbon Monoxide and Oxygen Dissociation Curves for 
Sea-Robin Blood 


Because no data were available for the oxygen dissociation 
curves at 25°, both exygen and carbon monoxide curves were 
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established at comparable pH values for this blood. The data 
are summarized in Figs. 1 to 4. 

The curves established at pH 7.2 are similar, both capable of 
being described by rectangular hyperbolas with no reversible in- 
activation of the hemoglobin. The constant for the carbon mon- 
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Fic. 2. The carbon monoxide (upper) and oxygen (lower) dissociation 
curves for sea-robin blood at pH 6.6. The oxygen pressure for each point 
on the oxygen curve has been divided by 10. The curves drawn through 
the points are rectangular hyperbolas with 50 per cent inactivation of 
hemoglobin assumed for the oxygen curve. 


oxide dissociation curve is about 165 times greater than that for 
the oxygen dissociation curve. From the data it would seem that 
sea-robin blood at this pH behaves in a manner similar to human 
blood. 

In more acid ranges the oxygen dissociation curves exhibit the 
apparent decrease in oxygen capacity described for several other 
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fish bloods. The carbon monoxide dissociation curves, on the other 
hand, at comparable pH values do not show this phenomenon to 
any appreciable extent. Furthermore, the two sets of curves are 
definitely different. For example, at pH 6.6, even though both 
curves can be satisfactorily described by rectangular hyperbolas, 
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Fic. 3. The carbon monoxide (upper) and oxygen (lower) dissociation 
curves for sea-robin blood: at pH 6.3. The oxygen pressure for each point 
on the oxygen curve has been divided by 10. A smooth curve not quite 
equal to a rectangular hyperbola passes through the data for the carbon 
monoxide dissociation. The lower curve is a rectangular hyperbola with 
75 per cent inactivation of the hemoglobin assumed. 


the oxygen curve can only be so described by assuming that the 
hemoglobin is 50 per cent inactivated. When the blood is made 
still more acid (pH 6.3), the carbon monoxide capacity of the 


- hemoglobin is unchanged, whereas apparently only 25 per cent of 


the normal oxygen capacity remains. Even at pH 5.5 the blood 
is 85 or 90 per cent saturated with carbon monoxide at 500 mm. 











sO intasl 


550 CO-Combining Power of Hemoglobin 


pressure, and the shape of the curve is such as to suggest that the 
blood would become completely saturated if the carbon monoxide 
tension were made greater. 
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Fig. 4. The carbon monoxide curve for sea-robin blood at pH 5.5. A 
smooth curve not quite equal to a rectangular hyperbola passes through 
the points. 


Carbon Monoxide Dissociation Curves for Toadfish and 
Tautog Bloods 


Only one carbon monoxide curve was established for each 
of these bloods. The pH at which each curve was established is 
approximately 6.5, which is the acidity at which the oxygen disso- 
ciation curves indicate that approximately 50 per cent of the hemo- 
globin is inactivated (Green and Root, 1933). The data for the 
carbon monoxide dissociation curves are presented in Fig. 5. The 
position of the oxygen curves at the same pH is also shown in the 
figure for the sake of comparison. 
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e By inspection of the carbon monoxide curves it becomes appar- 
e ent that there is no reversible inactivation of the hemoglobins as 
far as carbon monoxide is concerned. A situation comparable to 
that described for sea-robin blood appears to be the case, for the 
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Fie. 5. The carbon monoxide dissociation curves for toadfish (upper, 
with dots) and tautog (lower, with circles) bloods at pH 6.5. The two 
lower curves represent the position of the corresponding oxygen dissocia- 
tion curves, Curve A being that for toadfish, and Curve B that for tautog 


is oxygen and carbon monoxide curves are quite different. In order 
> to fit the oxygen curves with the usual equations it is necessary to 
a assume inactivation, whereas this is obviously unnecessary in the 
? case of the carbon monoxide dissociation curves. 
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SUMMARY 


The behavior of fish hemoglobin toward carbon monoxide and 
oxygen has been compared. It differs in two respects. 

1. The hemoglobin can be saturated with carbon monoxide re- 
gardless of the pH (within the limits set by the experiments), 
whereas at acid reactions oxygen apparently combines with only a 
portion of the hemoglobin present. 

2. At acid reactions the dissociation curves at comparable pH 
values differ in shape. 
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STUDIES ON MAGNESIUM DEFICIENCY IN ANIMALS 


Vv. CHANGES IN THE MINERAL METABOLISM OF ANIMALS 
FOLLOWING MAGNESIUM DEPRIVATION 


By H. D. KRUSE, MARGUERITE M. SCHMIDT,* anp E. V. 
McCOLLUM 


(From the Biochemical Laboratory, School of Hygiene and Public Health, 
the Johns Hopkins University, Baltimore) 


(Received for publication, June 26, 1934) 


It has been reported previously that a ration containing only 1.8 
parts per million of magnesium, but adequate amounts of other 
constituents, leads to a local disturbance in which vasodilatation, 
hyperirritability, and generalized convulsions represent a new form 
of tetany (1, 2), and to a constitutional disturbance in which loss 
of weight indicates nutritive failure (3). Furthermore, a complete 
study of the chemical changes in the blood in this syndrome has 
revealed relevant changes which may be correlated respectively 
with the tetany and the nutritive failure (4). In short, the essen- 
tiality of magnesium in animal economy is an established fact. 
The distinctive symptomatology and blood changes, arising in the 
course of magnesium deficiency, stamp the condition as a specific 
and separate entity. But our knowledge of the mechanisms at 
work in the various bodily systems is far from complete. 

Because calcium is very closely related, both chemically and 
physiologically, to magnesium—both of the elements belong to the 
alkaline earth group; a disturbance of either in the animal body 
leads to tetany; both are the principal cations present in bone; 
and an antagonism is said to exist between them in their effects 
on the nervous, osseous, and excretory systems—and because phos- 
phorus is the usual anion associated in the body with calcium and 
magnesium, it was deemed appropriate to study the changes which 
the three elements undergo in magnesium deprivation with a view 


* Presented by Marguerite M. Schmidt to the faculty of the School of 
Hygiene and Public Health at the Johns Hopkins University in partial ful- 
filment of the requirements for the degree of Doctor of Science in Hygiene. 
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to the following considerations: (a) the excretion of calcium, mag- 
nesium, and phosphorus in absolute amounts, (b) the pathway of 
excretion of these elements, (c) the predication of a physiological 
antagonism between calcium and magnesium. Moreover, the 
excretion of ammonia, acids, and nitrogen was investigated with 
the 2-fold purpose of lending additional evidence to the differentia- 
tion of magnesium tetany from other forms and of ascertaining a 
possible alteration of the level of protein metabolism during nutri- 


tive failure. 
Technique and Methods 


Three young female dogs weighing 2.7 to 3 kilos, after a pre- 
liminary period of a week on a dry stock ration, such as is used in 
our rat colony, were confined to metabolism cages, two animals 
then receiving the diet containing only 1.8 parts per million of 
magnesium, while the third animal received this diet fortified with 
adequate magnesium. The composition of the diets has already 
been described (1). The animals had constant access to the diet 
and distilled water. To prevent scattering of the ration, it was 
found advisable to moisten it. 

On 24 hour samples of urine, collected under toluene, analyses 
were conducted on the following constituents by familiar methods: 
calcium (5), magnesium (5), total phosphates (6), titratable acidity 
(7), total nitrogen (8), and ammonia nitrogen (9). All constitu- 
ents except calcium and magnesium were determined on the fresh 
urine; for calcium and magnesium was used a solution obtained 
by a “wet ash” method. 

From the 24 hour aggregate of feces was taken an aliquot for 
ashing in a muffle furnace, the resulting ash being dissolved in 5 
per cent nitric acid and then analyzed for calcium, magnesium, and 
phosphorus by the methods just enumerated. 

Once each week the animals were bled by cardiac puncture and 
analyses were conducted on the calcium, magnesium, and phos- 
phorus of the serum by methods previously listed (4). All analy- 


ses were run in duplicate. 


Results 


Since the daily results on excretion of the three elements showed 
considerable fluctuation, the average daily excretion per week for 
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each constituent was calculated. These figures were much more 
constant. The results for the preliminary period of 1 week, 
when all animals received the stock diet, precede the data during 
the experimental period. Of the two experimental animals, Dog 
55 survived for a longer time than did Dog 56. In order to com- 
pare the effects of magnesium deprivation during the first few 
weeks on these two animals, as well as to compare the early with 
the late effects in Dog 55, the average daily values for the first 5 
weeks, a length of time arbitrarily selected to accord with the sur- 
vival period of Dog 56, were calculated for all dogs. 

During the first 5 weeks on the control ration, Dog 57 showed 
an average daily excretion of 254.4 mg. of calcium, which repre- 
sented its total output from both urine and feces (see Table I). 
Throughout the entire duration of the experiment, this animal had 
an average daily excretion of 248.3 mg. of calcium; hence it was 
losing calcium to approximately the same extent late in the experi- 
ment asearlier. In contrast to this, Dog 56 on the magnesium-low 
diet showed progressively diminishing excretion of calcium for 
the 5 weeks which it survived, so that the average daily excretion 
of total calcium for the 5 week period was only 144.0 mg., a figure 
much lower than that of the control animal. The other experi- 
mental animal, Dog 55, likewise showed a progressive lowering of 
calcium excretion during the first 5 weeks on the magnesium- 
deficient ration, the average daily excretion of total calcium during 
the time being 138.0 mg., which is strikingly similar to that of 
Dog 56 and much below the output of the control dog. Later 
Dog 55 excreted much larger amounts of calcium, the values for 
the average daily excretion for the 11th and 12th weeks being 
446.0 mg. and 315.5 mg., which are far in excess of figures recorded 
for the control animal. Indeed, the elimination of this element 
increased to such a degree during the 6th to 12th weeks that the 
average daily excretion for the entire experimental period of 12 
weeks amounted to 221.2 mg. of calcium, a figure which almost 
reaches that of the control animal. 

Of particular interest is the metabolism of magnesium when the 
animal is deprived of this element. In the control Dog 57, the 
values 64.7 mg. and 72.6 mg. of magnesium, representing the 
average daily excretion over a 5 week period and a 13 week period 
respectively, indicate that when the animal body is supplied with 
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adequate magnesium the excretion is practically constant. On 
the other hand, Dogs 55 and 56, receiving no magnesium, excreted 
much less during the 5 week period than did the control animal, 
their values being 33.3 mg. and 44.0 mg. per day on the average. 
During this time there is not, as in the case of calcium, a tendency 
to a progressive diminution; rather, the values remain consistently 





TaBie I—Total Average Daily Amounts of Calcium, Magnesium, and Phosphorus Excreted 
Recorded in Weekly Periods for Dogs 55 and 56, Deprived of Magr 









































Total Ca Total Mg Total P Total Ca:Mg 
Wk. - 
Dog 57 | Dog 55 | Dog 56| 308 | BE | DOS | Dog 57] Dog 55| Dog 56 | 308 | Dos Des | Dog 
mg. mg. mg. mg. | mg. | mg. mg. mg. mg. 

Preliminary 146.6) 117.1) 101.4) 75.6) 39.9) 66.0) 201.3) 133.9) 143.8) 1.9 | 3.0| 1.5! 0.7. 
1 300.5) 182.0) 206.5) 66.8) 19.0) 41.1) 471.5) 309.6) 328.8) 4.5 | 9.6 | 5.0 | 0.6 
2 219.7} 238.2) 176.0) 53.8) 46.4) 34.9) 264.3) 457.1) 294.0) 4.1 | 5.1/5.1) 0.8 

3 145.9) 134.9 30.0) 50.2 294.3) 262.6 4.8/2.7 
4 192.6; 33.9) 112.1) 59.7) 25.3) 46.1) 224.8) 220.6) 178.8) 3.2 | 1.3/| 2.4| 0.8 
5 304.7; 100.0) 90.7) 78.4) 46.0) 47.6) 309.3) 332.2) 154.2) 3.9 | 2.2/1.9 | 0.9: 
6 283.6) 210.5 70.2) 32.5 274.6) 421.2 4.0 | 6.5 1.05 
7 259.2) 279.1 74.6) 31.8 310.9} 330.9 3.5 | 8.8 0.8: 
8 390.8) 263.5 76.0) 31.9 370.4) 341.7 5.1 | 8.3 1.0: 
9 179.7| 222.0 60.6) 36.3 297.7) 323.6 3.0 | 6.1 0.6 
10 191.8) 174.9 65.3) 53.1 245.5) 348.2 2.9 | 3.3 0.78 
ll 106.6) 446.0 56.1) 53.8 207.4) 451.1 1.9 | 8.3 0.53 
12 179.5) 315.5 81.8) 40.9 339.9) 284.8 2.2 | 7.7 0.53 
13 295.4 74.4 386.3 4.0 0.76 
Mean, 5 wks.....| 254.4/ 138.0) 144.0) 64.7) 33.3) 44.0) 317.5) 322.6) 243.7) 3.9 | 4.6 | 3.3 | 0.83 
“all wks....| 248.3) 221.2) 144.0) 72.6) 35.9) 44.0) 306.5) 325.7) 243.7) 3.4 | 6.2/3.3) 0.81 
Maximum.......| 390.8) 446.0) 206.5) 81.8) 53.8] 50.2) 471.5) 457.1) 328.8) 5.1 | 9.6| 5.1) 1.05 
Minimum........ 106.6} 33.9) 90.7] 53.8) 19.0) 34.9] 207.4) 220.6) 154.2) 1.9 | 1.3 | 1.9| 0.52 
































low. Even in the experimental animal that survived for 12 weeks, 
the average daily excretion of magnesium during the last 7 weeks 
differed little from that of the first 5 weeks. In the late stages of 
magnesium deficiency the constancy of magnesium excretion with 
values much below normal but steadily low is again in sharp con- 
trast to progressively increasing elimination of calcium during the 
same period. 
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That calcium and magnesium are excreted in the same propor- 
tion during the first 5 weeks by dogs on the magnesium-deficient 
diet, as by the dog on the control ration, is evident from the Ca: Mg 
ratios, since the values 4.6 and 3.3 for Dogs 55 and 56 respectively 
do not vary materially from 3.9, the value for the control Dog 57 
which excreted absolutely greater amounts of both calcium and 


horus Excreted in Both Feces and Urine, Together with Blood Levels of These Constituents, 
prived of Magnesium, As Contrasted with Values for Control Dog 57 





























| Ca: Mg Total Ca:P Total Mg:P mised Ca per 100 ce. Bteed Ms per 100 ce. Bieed F pas Sen. 

ase | Bet | Bee | Se | “see | 'ar® | “ast | “Be | “Be | “est | Tet | “Bre | Se | See | BPE | Bee | Bee 
mg. | mg. mg. mg. mg. | mg. mg. mg. mg. 

3.0 | 1.5 | 0.73) 0.88) 0.71) 0.38) 0.30) 0.46) 12.3) 10.6) 11.2) 2.5 | 2.6 | 2.4 | 8.3 | 6.4] 7.0 

9.6 | 5.0 | 0.64) 0.59) 0.63) 0.14) 0.06) 0.13) 11.6) 11.1) 10.5) 2.1 | 2.0 | 1.3 | 6.9 | 6.0 | 6.8 

5.1 | 5.1 | 0.83) 0.52) 0.60) 0.20) 0.10) 0.12) 10.8) 7.0) 8.7) 1.6 | 1.5 | 1.0 | 8.6 | 6.8} 7.1 

4.8 | 2.7 0.50) 0.51 10) 0.20 9.9} 9.7 1.6 | 0.9 6.6 | 6.0 

1.3 | 2.4 | 0.86) 0.16) 0.63) 0.27; 0.11) 0.26) 10.7) 10.8) 8.8) 2.3 | 1.0/1.2 | 8.0| 5.7/9.1 

2.2 | 1.9 | 0.99) 0.50) 0.69) 0.25) 0.14) 0.31) 12.5) 11.9 2.1/1.5 9.1 | 6.6 

5.5 1.03} 0.50 0.26) 0.08 12.0} 10.9 2.2 | 0.5 7.7 | 6.4 

8.8 0.83) 0.84 0.24) 0.10 13.0) 9.7 2.3 | 0.9 9.4) 7.1 

3.3 1.05) 0.77 0.21) 0.09 11.0) 10.5 2.2 | 0.8 7.8 | 6.1 

5.1 0.60) 0.69 0.20) 0.11 10.5} 10.2 2.1/1.0 7.2 | 6.1 

3.3 0.78) 0.50 0.27) 0.15 11.5) 10.8 2.2 | 0.6 7.2| 5.4 

3.3 0.52) 1.00 0.27) 0.12 10.0 1.0 6.7 

1.7 0.53) 1.11 0.24 0.14 10.7} 10.1 2.2) 0.8 5.9 | 6.7 

0.76 0.19 

1.6 | 3.3 | 0.83) 0.41; 0.59) 0.22) 0.10) 0.18 

5.2 | 3.3 | 0.81) 0.68) 0.59) 0.24) 0.11) 0.18) 11.3) 10.2) 9.4) 2.1 | 1.1] 1.1] 7.8 | 6.4] 7.2 

).6 | 5.1 | 1.05) 1.11) 0.69) 0.27) 0.15) 0.31) 13.0) 11.9) 10.5) 2.3 | 2.0} 1.3 | 9.4] 7.1] 9.1 

1.3 | 1.9 | 0.52) 0.16} 0.51] 0.14] 0.06) 0.12]-10.5) 7.0) 8.7) 1.6) 0.5 | 0.9 | 5.9 | 5.4] 6.0 





















































magnesium. In the later stages of magnesium deprivation, the 
increased elimination of calcium with magnesium remaining at 
the same low level produces a value that is almost double that of 
the control animal. 

As is not entirely unexpected, values for phosphorus excretion 
in the two dogs on the magnesium-deficient ration show consider- 
able difference. In one, the tendency is to a decreased output; in 


XUM 











i te enti ie: Distn ire g te eho tn. pase adeeee een 


ne Adee 


hid deidiiiaeeeietnice ee a 





558 Mg Deficiency in Animals. V 


the other to little or no change. This behavior of phosphorus 
excretion, together with the alterations in calcium and magnesium, 
is reflected in the Ca:P and Mg:P ratios. 

Whether these changes in the total output of the three elements 
are brought about by the renal pathway, the intestinal channel, 
or both, are propositions to be demonstrated by recourse to specific 
data on these points. In the urine (Table II) the control Dog 57 
excreted calcium over a period of 13 weeks at an average daily 
amount of 13.3 mg., which was not materially different from that 
of the first 5 weeks. In contrast to this figure, Dog 55 showed a 
slightly higher elimination of calcium in the urine, as is evident 
from the figures 16.1 and 17.4 mg., representing respectively the 
average daily output for the first 5 weeks and for the entire period 
on the magnesium-deficient ration. Still higher was the level of 
excretion of Dog 56, with a value for its 5 week survival period of 
23.8 mg. per day. It should be noted, therefore, that the urine 
did not participate in the total calcium retention, already men- 
tioned as characteristic of the early stages of magnesium depriva- 
tion, since the urinary excretion of this element in both of the ex- 
perimental animals was definitely higher than that of the. control. 
Furthermore, the renal channel is not responsible for the increased 
total calcium output seen in the late stages of magnesium depriva- 
tion since Dog 55 showed an average daily output of calcium in the 
urine for the entire period which was remarkably close to that of 
the first 5 weeks. 

Unlike calcium, the excretion of magnesium in the urine was 
definitely diminished during the first 5 weeks on the diet, the aver- 
age daily output of Dogs 55 and 56 being 20.1 mg. alike, as con- 
trasted with a value of 38.8 mg. for the control animal, Dog 57. 
Nor did this diminution in excretion of magnesium undergo change 
during the late stages of the deficiency, since Dog 55 registered an 
average daily output of 22.0 mg. for the entire experimental period 
of 12 weeks. The slightly increased excretion of calcium and the 
lessened excretion of magnesium in the urine by the experimental 
animals, as contrasted with the control dog, is reflected in the 
Ca: Mg ratio which for Dog 55 was twice, and for Dog 56 three 
times as great as that for the control animal, Dog 57. 

As in total phosphorus excretion, so in urinary phosphorus there 
is divergence between the two experimental animals. Curiously, 
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the dog with total phosphorus excretion on a par with the control 
values shows a higher urinary excretion of phosphorus; while the 
dog with total phosphorus excretion below the control figures 
shows urinary phosphorus excretion comparable to that of the 
control animal. With such dissimilarity in the urinary phosphorus 
excretion of the two experimental animals, it is manifest that their 
Ca:P and Mg:P ratios of the urine will be unlike. 

From the data on the urinary excretion of calcium, it is apparent 
that it does not participate in the retention of total calcium during 
the early stages of magnesium deprivation. On the other hand, 
the diminished excretion of magnesium through the urinary path- 
way does contribute to the lessened total elimination of this ele- 
ment which occurs in magnesium deficiency. If calcium retention 
is not due to changes in the output through the urinary channel, 
it must be due to lessened excretion through the intestinal tract. 
It is, moreover, not impossible that lessened fecal excretion may 
contribute with diminished urinary excretion to the retention of 
magnesium. 

In both animals restricted to the magnesium-deficient ration, 
calcium excretion in the feces is definitely lowered during the early 
stages; values of 123.8 mg. and 120.2 mg. per day for Dogs 55 and 
56 respectively during the first 5 weeks fall much below 244.2 mg. 
per day for the control animal (Table III). As with the excretion 
of total calcium, the elimination of calcium by the alimentary route 
is definitely increased during the later stages of magnesium de- 
ficiency and approaches but never reaches the level of excretion by 
the control animal, since Dog 55 showed over a period of 12 weeks 
an average daily excretion of fecal calcium amounting to 199.2 mg., 
which was definitely higher than its figure of 123.8 mg. per day for 
the first 5 weeks but lower than the value 218.2 mg. per day re- 
corded for the control dog for 13 weeks. 

In accord with diminished total excretion and lessened urinary 
excretion of magnesium is the definite reduction in output of mag- 
nesium in the feces of the experimental animals. During the first 
5 weeks on the experimental diet, Dogs 55 and 56 eliminated 13.2 
mg. and 23.9 mg. per day respectively by the intestinal pathway, 
as contrasted with the value 37.1 mg. per day for the control 
animal. Nor did the length of the experiment have any influence 
on the level of magnesium excretion in the feces since Dog 55 
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showed a value of 13.9 mg. per day over a stretch of 12 weeks, an 
amount which was almost identical with that for the first 5 weeks. 

Comparable to the diminished excretion of total calcium and 
total magnesium during the early stages of magnesium deprivation, 
the decreased excretion of fecal calcium and fecal magnesium is 
almost proportionate since the Ca: Mg ratios of the feces of these 
animals are not far from that of the control animal. The greater 
fecal loss of calcium in the late stages, however, yields a Ca: Mg 
ratio that is much higher than that of the control animal for the 
same period. 

As the result of magnesium deprivation, the elimination of phos- 
phorus in the feces was markedly diminished. Since fecal excre- 
tion of all three constituents is diminished in the early stages of 
magnesium deficiency, the Ca:P and Mg:P ratios in feces suffer 
no striking alteration during this time. 

In the control animal, the excretion of calcium is so divided 
between the urine and feces that during the first 5 weeks on the 
control diet the animal had a urine calcium to feces calcium ratio 
of 0.05 and for the entire 13 weeks of 0.06 (Table IV). It has 
been mentioned that in the early stages of magnesium deprivation 
Dogs 55 and 56 showed a lowered excretion of total amount of 
calcium because of lessened output through the intestinal channel; 
hence the partition of calcium in the excretory paths undergoes a 
change in which the urine participates to a greater extent in the 
elimination of this element. This change is reflected in the urine 
calcium to feces calcium ratios of both animals, the values being 
0.16 and 0.18 respectively. Even when the amount of calcium 
eliminated in the feces is increased in absolute amount during the 
late stages of the deficiency, the urine calcium to feces calcium 
ratio does not assume a normal value although it tends somewhat 
in this direction. 

Just as calcium shows an altered distribution in its excretory 
channels, as the result of magnesium deficiency, so magnesium and 
phosphorus manifest an almost identical behavior. Although 
the absolute amounts of magnesium excreted by the experimental 
animals are decreased in both urine and feces, the proportion is 
such that relatively more magnesium passes out through the uri- 
nary pathway than through the intestinal canal. For the first 5 
weeks, Dogs 55 and 56 had urine magnesium to feces magnesium 
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ratios of 1.9 and 0.9 respectively, as contrasted with 0.8 of the con- 
trolanimal. In the later stages of magnesium deficiency this new 
partition remained unchanged for Dog 55. 

Under the experimental conditions, phosphorus likewise passed 
from the body to a greater extent in the urine than in the feces, 
since Dogs 55 and 56 evidenced ratios of 5.1 and 2.6, in contrast 


Tas_e IV 


Ratios Showing Distribution of Calcium, Magnesium, and Phosphorus between 
the Two Pathways of Excretion, Urine and Feces, Recorded in Weekly 
Periods for Dogs 55 and 56, Deprived of Magnesium, As Contrasted 
with Values for Control Dog 57 




















| Urine Ca Urine Mg | Urine P 

Wk. Feces Ca ‘Feces Mg Feces P 
| Dog 57 | Dog 55 |Dog 56 Dog 57 | Dog 55 |Dog 56| Dog 57 |Dog 55|Dog 56 
Preliminary 0.09 | 0.44/ 0.11) 0.4 | 0.5 |} 0.8) 1.4 | 1.1} 2.1 
1 0.03 | 0.09 | 0.32) 0.7 1.7 | 0.7] 1.2 | 4.3 | 2.4 
2 0.05 | 0.11 | 0.36) 1.0 | 0.6 | 1.3 | 2.6 | 3.2/1.5 
3 0.12 | 0.06 1.6 | 1.4 6.6 | 5.3 
4 0.09 | 0.23 | 0.05) 1.3 1.5 | 0.6} 1.2 | 6.6 | 2.2 
5 0.02 | 0.26 | 0.11) 0.4 | 4.3 | 0.5) 0.4 | 4.7 | 1.6 

6 0.03 | 0.06 0.7 | 32.1 0.7 | 2.9 

7 0.04 | 0.04 0.4 | 0.5 1.0 | 3.9 

s 0.06 | 0.03 0.4 | 1.9 1.2 | 2.5 

9 0.10 | 0.03 0.4 1.6 1.6 | 3.2 

10 0.03 | 0.07 0.3 | 5.0 1.1 | 5.9 

ll 0.11 | 0.02 0.8 1.6 £443.98 

12 0.17 | 0.36 1.3 | 1.7 3.1 | 2.9 

13 0.02 0.4 0.9 

Mean, 5 wks...... 0.05 | 0.16 | 0.18} 0.8 | 2.0 |} 0.9) 1.4 | 5.1 | 2.6 
“ all wks.....| 0.06 | 0.12 | 0.18) 0.7 | 2.0 | 0.9] 1.4 | 4.0 | 2.6 
Maximum........| 0.17 | 0.36} 0.36} 1.3 | 5.0 | 1.4/ 3.1 | 6.6 | 5.3 
Minimum.........} 0.02 | 0.02 | 0.05) 0.3 | 0.5 | 0.5) 0.4 | 1.7/1.5 
































to 1.4 for the control animal. Here again, the continued effects 
of magnesium deprivation did not bring the ratio to normal. 

In order that the changes in the calcium, phosphorus, and mag- 
nesium concentration of the blood serum might be studied con- 
comitantly with the alterations in the metabolism of these ele- 
ments, determinations on the blood were made weekly with the 
results seen in Table I. In confirmation of previous studies in this 
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series (4), it is evident that magnesium is the only constituent of 
the three which undergoes change, and that this element undergoes 
diminution early in the deficiency. Despite the characteristic 
changes in the excretion of absolute amounts of calcium, mag- 
nesium, and phosphorus, as well as the alteration in the proportion 
of their passing through the two pathways, the concentrations of 
calcium and phosphorus in the blood give no indication, as is not 
unexpected, of changes in their metabolism. 

As was pointed out by Kruse, Orent, and McCollum (4), de- 
ficiency diseases manifest their effects both locally and constitu- 
tionally upon the body. Magnesium deficiency is no exception; 
the local effect is a distinct form of tetany, the constitutional effect 
is nutritive failure. From the standpoint of differentiation of 
magnesium tetany from all other forms, the determination of 
ammonia production and acidity of urine assumes significance; 
while from the standpoint of nutritive failure, the urinary excretion 
of nitrogen is not without value as evidence. In Dog 56, which 
died early from convulsions, the titratable acidity and ammonia 
excretion were almost identical with those of the control dog (Table 
V). Dog 55 throughout the period of magnesium deficiency, on 
the other hand, showed a slightly diminished excretion of ammonia 
and an increased titratable acidity which in the amounts deter- 
mined indicated neither an alkalosis nor an acidosis. As regards 
nitrogen metabolism, Dog 56 with a short survival period un- 
doubtedly succumbed to the local disturbances in the nervous sys- 
tem before the full development of nutritive failure. Dog 55, how- 
ever, showed an ever increasing nitrogen metabolism throughout 
the deficiency with values far in excess of those of the control ani- 
mal. For example, from the 9th to 12th weeks, this animal showed 
an average daily elimination of 2.3, 2.0, 2.5, and 2.8 gm. of nitrogen 
respectively, while the control animal during the same period ex- 
creted not more than 1.5 gm. perday. This increased elimination 
of nitrogen is also borne out when the values are calculated on the 
basis of excretion of nitrogen per kilo of body weight (Table V). 


DISCUSSION 


While magnesium is tenaciously held throughout the entire 
survival period by animals restricted to the magnesium-deficient 
ration, calcium is likewise retained to an inordinate degree during 
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the first 5 weeks of the deficiency, after which it is excreted in 
progressively increasing amounts. This sudden reversal of cal- 
cium metabolism is suggestive of two forces at work, in which the 
one operating towards calcium conservation yields soon to the 
other inducing calcium elimination. It is therefore with valid 
reason that in the endeavor to ascertain the responsible forces we 
demarcate the metabolic processes of calcium into two separate 
stages, the one retention up to the 6th week, the other loss there- 
after. 

Of these two aspects of calcium metabolism, the stage of reten- 
tion is the more singular. That an animal deprived of magnesium 
should attempt to husband what magnesium it possesses in its 
body is an expected event, but that calcium, abundantly supplied 
in the ration, should likewise be retained to an unusual degree is 
not so reasonable. Here necessity is not a controlling factor; 
another agency must be in operation. Under these circumstances 
it should not be overlooked that a physiological relationship has 
been postulated between calcium and magnesium. 

Towards each other, calcium and magnesium are said to exert a 
mutually antagonistic action. Inasmuch as the origin of this idea 
and the nature of its supporting evidence from such sources as 
nerve irritability and bone composition are matters of record which 
have been adequately reviewed (10), we shall not dilate upon them; 
instead we shall confine our comment to the metabolic changes 
bearing upon the point. It is true that the ability of increased 
calcium intake to heighten excretion of magnesium, although 
asserted on one occasion (11), has not been generally admitted 
(12-16). But the case is quite different for the converse. When 
magnesium salts are injected into the animal body, calcium excre- 
tion is stimulated usually through the urinary channel (15, 17-23); 
if the magnesium salts are ingested, the same effect is said to 
prevail (12, 24-28), although this latter evidence has been chal- 
lenged in a few instances and in a none too convincing manner (14, 
16, 29,30). In keeping with the increased elimination of calcium, 4 
lowered concentration of calcium in the blood has been found fol- 
lowing magnesium administration (18, 22, 27, 30-32), but here 
again is lack of unanimity (16, 23, 26, 33). If all these data were 
submitted to a poll, if equal weight with no disqualifications was 
given to each, the majority would indicate that calcium adminis- 
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tration is without effect on magnesium metabolism; but that mag- 
nesium administration may be presumed to exert a real influence 
on calcium metabolism. For present purposes, it is sufficient to 
infer from the latter and more pertinent point that magnesium does 
show a physiological relationship in the control of calcium metab- 
olism. 

Such a casual consideration, while favorable to the view that 
magnesium wields control over calcium metabolism, does not do 
full justice to it, since critical analysis reduces the force of much 
of the opposing data. So diverse have been the technical details 
involved in the investigations, the wonder is that there has been 
a semblance of similarity in the results. It becomes apparent 
that such matters as the length of the experiment, the amount of 
magnesium administered, and the method of its introduction into 
the body account for not a few discrepancies and contradictions. 
For example, some experiments involved oral administration with- 
out due allowance for the uncertain and often disturbing behavior 
of magnesium salts in the intestine; other experiments suffered 
from too early termination. Even more confounding has been 
the neglect in many instances to take cognizance of the influence 
which the less obvious but none the less important factors such as 
the level of calcium intake, the level of phosphorus intake (23, 
24, 26, 34-37), and the nature of the anion associated with mag- 
nesium (22, 27), have recently been shown to exert on the calcium- 
magnesium relationship. The implication of phosphorus is not 
unexpected. With the elucidation of the pathogenesis of experi- 
mental rickets came an appreciation of the relationship between 
calcium and phosphorus, both absolutely and relatively, in the 
effects upon blood chemistry, metabolism, and bone composition. 
Now, quite an imposing list of experimental results attests to the 
fact that not only does phosphorus control calcium, but also if the 
level of phosphorus intake is sufficiently high it may suppress the 
antagonistic effect of magnesium on calcium. At a low plane of 
intake phosphorus is inoperative. Finally, it has been asserted 
that, due to the power of the anion in union with magnesium, re- 
tention or elimination of calcium may be determined by selection 
of appropriate magnesium salts. When the experiments with out- 
standing complicating factors of these kinds are removed from 
consideration, it is not difficult to reach the conclusion that funda- 
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mentally magnesium and calcium exhibit a physiological relation- 
ship whereby magnesium, as truly as phosphorus, determines the 
metabolism of calcium. 

It is not enough to reveal the shortcomings and complicating 
factors of experiments that would negate the existence of this rela- 
tionship; it is desirable to present fresh evidence of a positive 
nature, particularly evidence that would carry an explanation. 
Unquestionably the idea of a relationship between magnesium 
and calcium would take on new credence if the mechanism could 
be visualized. To speak of this relationship as physiological is 
scarcely satisfying; to reduce it to a chemical basis is more promis- 
ing. To this end physicochemical studies on the behavior of 
magnesium and calcium salts in vitro may be of profit in their reve- 
lations that magnesium and calcium are capable of forming com- 
plex salts with such substances as amino acids; that the greater 
stability of the magnesium complex makes likely the possibility of 
displacement of calcium by magnesium in such complexes; and 
that increased solubility of calcium salts in the presence of mag- 
nesium compounds is due in part to formation of a soluble com- 
plex (38). If we may assume the validity of the observations that 
introduction of magnesium into the body leads to an increase in 
ultrafiltrable serum calcium (31, 39), a decrease in ultrafiltrable 
serum phosphate (39), and increased excretion of calcium, the 
physicochemical findings not only support these assumptions but 
also explain them on a rational basis. It is not difficult to picture 
that by displacement magnesium releases ionized calcium in a 
form ready for excretion. True the matter lacks the touch of 
finality, but the intimation is strong that magnesium, as truly 
.as phosphorus, is a governing factor in the regulation of calcium 
metabolism. 

In the foregoing instances cited from the literature, the antag- 
onism operates under a circumstance in which magnesium is added 
in more than an ordinary amount. That the antagonism may 
likewise prevail in a condition where magnesium is supplied in 
insufficient amount to the body is apparent from the evidence in 
the present study, where absence of magnesium from the ingested 
ration has led to retention of calcium. The physiological antag- 
onism of magnesium and calcium would seem to be, accordingly, 
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the governing force which produced calcium retention during the 
first 5 weeks of magnesium deprivation. 

This antagonistic process tending to calcium retention is soon 
completely overcome and turned in the opposite direction. From 
the 6th week on the animal excretes calcium in ever increasing 
amounts. It seems more than a coincidence that the 6th week 
in the survival period likewise usually marks the onset of nutritive 
failure as judged by alteration in the concentration of certain lipids 
in the blood. At this time bodily disintegration attendant upon 
nutritive failure sets in and calcium is among the substances lost 
during the breakdown. Just as in fasting, so in the late stages of 
magnesium deficiency—both conditions inducing inanition—pro- 
found tissue destruction and increased excretion of calcium pre- 
dominate. Waiving all minor differences between the rate of ex- 
cretion in the two cases, we may note that, taken by and large, 
both conditions are accompanied by loss of calcium. It is not 
improbable, therefore, that nutritive failure is the circumstance 
which intervenes to destroy the tendency to calcium retention 
early in magnesium deprivation. 

In direct contrast to the reversal of calcium excretion, the con- 
stancy of magnesium elimination, even in the face of nutritive 
failure, is a noteworthy feature in magnesium deficiency. Next to 
its high content in bone, magnesium is distributed to a great extent 
in muscle and such cellular organs as undergo disintegration in 
fasting, whereupon magnesium excretion becomes heightened. 
Despite the fact that a similar breakdown of tissues probably 
occurs in magnesium deficiency, the animal does not excrete mag- 
nesium upon its release but retains it tenaciously throughout the 
survival period. The need fer magnesium apparently constitutes 
a force which overcomes the tendency to increased magnesium 
excretion. 

Another aspect of nutritive failure, as it is manifested in mag- 
nesium deficiency, is open to interpretation from the data in hand. 
It has been mentioned that both magnesium deficiency and fasting 
show nutritive failure in common, but in certain respects the be- 
havior of blood lipids is different. Regardless of the intermediate 
changes, about which there is little concordance of evidence, much 
less of opinion (40, 41), impending death from fasting with its 
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accentuated protein metabolism is often reflected by the so called 
premortal rise of nitrogen excretion in the urine. Indeed, fast- 
ing animals show ever increasing urinary nitrogen excretion, with 
or without premortal rise, as a characteristic feature. In mag- 
nesium deficiency, Kruse, Orent, and McCollum asserted that a 
terminal rise in non-protein nitrogen appeared in the blood (4). 
This change, together with a marked disturbance in blood lipids 
was interpreted as a failure in fat metabolism, not necessarily due 
to depletion of body fat, which ultimately involved protein metab- 
olism. The validity of this hypothesis should receive some sup- 
port from the behavior of urinary nitrogen excretion. In the 
present study, the one experimental animal which survived for a 
sufficient time to develop nutritive failure showed a steadily rising 
nitrogen excretion which reached its maximum just before death. 

Finally, in a previous paper we asserted on the basis of blood 
findings (4) that alkalosis, which has been cited in some quarters 
as the precipitating factor in many if not all forms of tetany (42), 
was not present at any time in magnesium tetany. The urinary 
findings, revealed by data on ammonia and acid excretion, bear 
out this contention, and confirm, if indeed further evidence is 
needed, the distinctive character of magnesium tetany. 


SUMMARY 


During the early stages of magnesium deficiency, the course of 
calcium metabolism is definitely to progressively increasing reten- 
tion; thereafter it is to progressively increasing elimination. Mag- 
nesium excretion, more constant not only in its course but also in 
its magnitude, is decidedly diminished throughout the entire sur- 
vival period, with no change in the level even in the late stages. 
Contrariwise the elimination of phosphorus is inconstant; this 
element may or may not be retained to an unusual degree, but it 
is never excessively excreted. 

Of the two channels involved in the excretion of calcium, mag- 
nesium, and phosphorus, the intestine predominates over the kid- 
ney in retaining these elements in the body during the first period 
of magnesium deficiency. Indeed magnesium alone shows di- 
minished output in the urine. The retention of calcium and phos- 
phorus is entirely, that of magnesium largely, due to their mark- 
edly diminished output in the feces; consequently their use of the 
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pathways of excretion is altered, with the urine participating to a 
relatively greater degree than is usual. The increased excretion 
of total calcium in the late stages of the deficiency is due to a 
greater excretion of this element in the feces. 

It is suggested that the calcium retention in the early stages of 
the deficiency is due to the antagonism known to exist between 
calcium and magnesium. The breakdown in calcium retention is 
due, in all probability, to nutritive failure. The progressively in- 
creasing excretion of nitrogen, taken in conjunction with previously 
reported terminal increase in non-protein nitrogen values of the 
blood, is likewise attributed to the failure of nutritive processes. 

The urinary data on acid and ammonia excretion in magnesium 
deficiency show absence of alkalosis, and thereby lend support to 
the blood findings which previously identified magnesium tetany 
as a separate and distinct entity. 


BIBLIOGRAPHY 

1. Kruse, H. D., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 96, 
519 (1932). 

2. Kruse, H. D., Schmidt, M. M., and McCollum, E. V., Am. J. Physiol., 
106, 635 (1933). 

3. Orent, E. R., Kruse, H. D., and McCollum, E. V., Am. J. Physiol., 101, 
454 (1932). 

4. Kruse, H. D., Orent, E. R., and McCollum, E. V., J. Biol. Chem., 100, 
603 (1933). 


5. Tisdall, F. F., and Kramer, B., J. Biol. Chem., 48, 1 (1921). 
6. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 
7. Folin, O., Am. J. Physiol., 9, 265 (1903). 
8. Folin, O., and Denis, W., J. Biol. Chem., 26, 473 (1916). 
9. Folin, O., and Macallum, A. B., J. Biol. Chem., 11, 523 (1912). 
10. Elmslie, W. P., and Steenbock, H., J. Biol. Chem., 82, 611 (1929). 
ll. Mendel, L. B., and Benedict, 8. R., Am. J. Physiol., 26, 23 (1909-10). 
12. Malcolm, J., J. Physiol., 32, 183 (1905). 
13. Givens, M. H., J. Biol. Chem., 34, 119 (1918). 
14. Underhill, F. P., Honeij, J. A., and Bogert, L. J., J. Exp. Med., 32, 65 
(1920). 
15. Whelan, M., J. Biol. Chem., 68, 585 (1925). 
16. Watchorn, E., J. Hyg., 32, 156 (1932). 
17. Mendel, L. B., and Benedict, S. R., Am. J. Physiol., 26, 1 (1909-10). 
18, Stransky, E., Arch. exp. Path. u. Pharmakol., 78, 122 (1915). 
19. Jacoby, M., Biochem. Z., 74, 131 (1916). 
20. Schiff, E., Jahrb. Kinderh., 91, 43 (1920). 
. Magnus-Levy, A., Z. klin. Med., 107, 671 (1928). 








572 Mg Deficiency in Animals. V 


22 
23. 


& 


FSSSSS & SESES SEN BRR 


. Pribyl, E., Compt. rend. Soc. biol., 102, 258 (1929). 


Barbour, H. G., and Winter, J. E., J. Pharmacol. and Exp, Therap., 
43, 607 (1931). 

Hart, E. B., and Steenbock, H., J. Biol. Chem., 14, 75 (1913). 

Bogert, L. J., and McKittrick, E. J., J. Biol. Chem., 64, 363 (1922). 

Palmer, L. 8., Eckles, C. H., and Schutte, D. J., Proc. Soc. Exp. Biol. 
and Med., 26, 58 (1928). 

Betka, J., Z. ges. exp. Med., 67, 253 (1929). 

Roche, A., Bull. Soc. chim. biol., 14, 634 (1932). 


. Huffman, C. F., Robinson, C. S., Winter, O. B., and Larson, R. E., 


J. Nutrition, 2, 471 (1930). 

Watchorn, E., Brit. J. Exp. Path., 7, 120 (1926). 

Richter-Quittner, M., Z. ges. exp. Med., 46, 479 (1925). 

Brookfield, R. W., Biochem. J., 27, 173 (1933). 

Lang, K., Z. klin. Med., 122, 206 (1932). 

Kramer, B., Shelling, D. H., and Orent, E. R., Bull. Johns Hopkins 
Hosp., 41, 426 (1927). 

Shelling, D. H., Kramer, B., and Orent, E. R., J. Biol. Chem., T7, 157 
(1928). 

Haag, J. R., and Palmer, L. 8., J. Biol. Chem., 76, 367 (1928). 

Carswell, H. E., and Winter, J. E., J. Biol. Chem., 93, 411 (1931). 

Zérkendoérfer, W., Biochem. Z., 221, 33 (1930). 

Scholtz, H. G., Biochem. Z., 231, 135 (1931). 

Voit, E., Z. Biol., 41, 550 (1901). 


. Gamble, J. L., Ross, G. 8., and Tisdall, F. F., J. Biol. Chem., 87, 633 


(1923). 
Stepp, W., and Gyérgy, P., Avitaminosen und verwandte Krankheits- 
zustiinde, Berlin (1927). 








Lo i; i a ee a a a a a 


53 @ 














STUDIES ON MAGNESIUM DEFICIENCY IN ANIMALS 
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After the experimental production of magnesium deficiency, the 
investigation of its effects on the animal body embraced in suc- 
cession the tetanic disturbances of the nervous system, the altera- 
tion in the chemical constituents of the blood, and the changes in 
the metabolism of calcium, magnesium, and phosphorus (1-5). In 
the preceding communication it was indicated that, when the 
magnesium intake is almost infinitesimal, the magnesium excretion 
is decidedly diminished throughout the entire survival period. 
Calcium metabolism too, in the course of magnesium deprivation, 
is not exempt from alteration; for a continuously increasing reten- 
tion of calcium, induced at the outset, gives way later with a 
complete reversal to a continuously increasing elimination. As an 
explanation for the unnatural behavior of calcium metabolism, it 
was suggested that the retention in the early stages is due to the 
physiological control which magnesium is reputed to exert over 
calcium, while the later excessive loss is due in all likelihood to 
nutritive failure. 

The very nature of these metabolic changes prompted, as the 
next step in the study of magnesium deficiency, an examination of 
the effects on bone. Regardless of the credible view that mag- 
nesium activates phosphatase (6) which in turn affects bone forma- 
tion and thus involves magnesium in the regulation of ossification 
(7), we became concerned in the osseous system primarily on the 
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more general ground of the close relationship which the metabolism 
of calcium, magnesium, and phosphorus bears to its structure. In 
the present investigation we sought to determine whether mag- 
nesium deprivation with its singular and profound changes in the 
elimination of these three elements would actually cause, what 
theory suggested, an altered composition of the bone, and whether 
the control of magnesium over calcium, seen in the metabolism 
studies, might be further demonstrated in the bone. Besides we 
were desirous of having the chemical data of the blood, which in 
dogs had comprised an unaltered calcium and phosphorus but a 
prompt and considerable lowering of the magnesium concentration, 
not only confirmed in the rat but also correlated with any con- 
comitant changes in the bone composition. 


TaBLeE I 


Content of Calcium, Magnesium, and Phosphorus in Control and Low 
Magnesium Rations 





























100 parts of diet 
Ration No. = a Ca:P Ca:Mg 
Calcium —_ phorus 
Se, 0.054 0.38 1.55 11.1 
10 (low Mg)..................| 0.60 | 0.00018) 0.38 1.55 | 3336.5 
Technique and Methods 


Young rats weighing from 35 to 45 gm. were, after weaning, 
restricted to a diet deficient in magnesium but otherwise adequate 
for the period of experimentation; while another group of rats of 
similar age and weight was placed on the control diet containing 
ample magnesium. The composition of these diets has already 
been described (1). The content of calcium, phosphorus, and 
magnesium, as well as the ratio of these elements, in the two diets 
is presented in Table I. 

Because repeated determinations on the same animal were 
impossible, the analyses of blood and bone in both groups were 
conducted at definite and regular periods of time on animals which 
had not previously been examined. In order that a basis might 
be afforded for determining the effects due to age in the case of the 
control animals, and the effects due to diet in the case of the experi- 
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mental animals, a third group of animals was sacrificed at once 
after weaning. Thereafter animals from the first two groups were 
sacrificed at 5 day intervals over a period of 33 days, the control 
animals in each instance furnishing data which showed the changes 
referable to age, and which served as a basis for contrast with those 
of the experimental animals. In all instances of animals on the 
control diet and in most instances on the experimental diet, both 
blood and bone were analyzed in the same group of animals. 
Where these corresponding values are available they are so desig- 
nated in Table III. Ina limited number of instances of animals 
on the experimental diet the blood alone was analyzed. Usually 
by design but sometimes by chance, the animals restricted to the 
magnesium-deficient ration were sacrificed, among other times, 
during the height of vasodilatation or during the first stage of 
induced convulsions; in either case such a circumstance is desig- 
nated in the table (Tables III and V). Still other experimental 
animals were sacrificed without inducing convulsions. This pro- 
cedure revealed the effects of convulsions on blood and bone com- 
position. 

Since a rat of the age used in this work furnishes bone and blood 
samples insufficient for analyses, particularly in duplicate, a num- 
ber of rats ranging from two to nine were sacrificed at each stage 
and their blood and bones were pooled respectively for the deter- 
minations. The number of rats which were combined for each 
analysis and the sex distribution are also enumerated in the tables 
(Tables II to V and Tables IV and V respectively). The values 
derived from such a combination of animals are really equivalent 
to the arithmetical mean of the figures obtained by separate and 
individual analyses for the same animals. The blood was obtained 
from animals sacrificed without anesthesia, the samples from all 
rats in each group being collected in a single tube. The methods 
of analysis for calcium, magnesium, and phosphorus in the blood 
have already been recorded (4). 

In preparing the bones for analysis, we adopted a procedure 
which combined a satisfactory degree of expediency and exactness. 
Immediately after death the hind extremities of the animals were 
severed from the body. After the integument had been stripped 
away, the extremities were immersed in boiling distilled water for 
3 minutes. The muscle was removed and the femora, tibize, and 
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fibula were taken for analysis. The bones were washed with 
distilled water to remove any adherent strands of tissue; they were 
dried with filter paper; and they were combined according to the 
same grouping of animals from which blood had been pooled. 
After the bones were weighed and dried in an oven at 100-110° 
until constant in weight, they were incinerated in a muffle furnace 
at 440-450° in platinum dishes until a pure white ash was obtained. 
25 mg. of the bone ash were weighed and transferred to a dry 25 
ec. volumetric flask. 5 cc. of 1 N hydrochloric acid were added, 
and when the ash was entirely dissolved, the volume of the solu- 


TasB_e II 


Calcium, Magnesium, and Phosphorus Content of Serum from Young Rats 
Which Had Received the Control Ration for Various Periods of Time 























~ ida Mg. per 100 cc. serum 

nab = ays on No. o . 

Initial age | Final age control diet; animals Pa Magne- Phos. Ca: Mg 
days days 
25 | 25 0 9 11.4 2.9 11.2 3.8 
25 30 5 5 9.4 3.1 13.9 3.0 
25 35 10 4 9.2 3.2 12.5 2.9 
25 40 15 4 9.2 2.8 11.2 3.2 
25 45 20 4 10.6 3.3 11.7 3.2 
25 50 25 4 10.7 3.1 11.7 3.4 
25 55 30 4 10.2 3.3 10.8 3.0 
25 58 33 4 10.5 3.2 10.1 3.2 














tion was brought to 25 ce. with distilled water. Calcium, mag- 
nesium, and phosphorus were determined by duplicate analyses in 
aliquot portions, the methods used being those already cited (4). 
While we are aware that extraction of bones by a lipid solvent 
prior to ashing is listed as the preferred method, because it is pur- 
ported to reduce the error from organic phosphorus (8) and to yield 
more accurate results for percentage of ash in the bone by exclud- 
ing the variable fat content (9), neither objection is likely to exert 
much influence on the absolute amounts of calcium and magnesium 
in the bone. On the other hand, the preliminary treatment by 
boiling rendered it inadvisable that we use calculations upon fresh 
bone, as was Hammett’s practise (10). We have, therefore, based 
our determinations upon dry bone. 
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Results 


For purposes of reestablishing the normal figures for serum cal- 
cium, magnesium, and phosphorus in young rats, of judging the 
suitability of the control diet with respect to these factors, and of 


Taste III 
Calcium, Magnesium, and Phosphorus Content of Serum from Young Rats 
Which Had Been Restricted to the Low Magnesium Ration for Various 
Periods of Time 
































Days on sie oe Mg. per 100 cc. serum 
Initial age | Final age | **PCT “oe Ca:Mg 
Mdiet |" | Calcium | Magne | Phoo- 

days days 

25 25 0 9* 11.4 2.96 11.2 3.8 
25 25 0 8 10.9 1.9 9.8 5.7 
25 30 5 4*t 11.4 0.81 11.4 14.1 
25 30 5 4t 11.5 0.71 9.3 16.2 
25 35 10 5* 11.9 0.86 11.4 13.8 
25 35 10 4 13.3 0.66 9.2 20.1 
25 40 15 4* 12.7 0.86 8.2 14.9 
25 40 15 2*t 12.0 1.03 9.4 11.6 
25 40 15 4 12.8 0.44 8.5 29.0 
25 45 20 4* 13.5 1.2 9.2 11.2 
25 45 20 4 12.6 0.43 6.7 29.3 
25 50 25 4* 13.1 0.98 10.4 13.2 
25 50 25 4 10.9 0.45 7.6 24.2 
25 55 30 5 11.4 0.65 6.7 17.5 
25 55 30 4*t 12.2 1.1 7.6 11.1 
25 56 31 5° 12.2 1.07 7.6 11.4 
25 58 33 4* 12.2 0.90 7.6 13.5 
25 58 33 3*t 10.5 1.07 8.1 10.0 





* Analyses of bones of these-animals are presented in Table V. 
t Animal sacrificed at height of vasodilatation. 
t Animals sacrificed in first stage of induced convulsions. 


providing a basis of ascertaining the extent of chemical changes in 
the blood of the experimental animals, the results of the blood 
analyses conducted on the control animals are recorded in Table 
II. In contrast, the behavior of serum calcium, magnesium, and 
phosphorus during magnesium deprivation is revealed in Table 
III. With rats, as with dogs, restriction to a magnesium-deficient 
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ration led to an immediate and considerable decrease in the mag- 
nesium content of the serum, amounting on an average to 70 
per cent within 5 days. By the 15th day the magnesium concen- 
tration of the serum had reached its minimum of 0.44 mg.; there- 
after it continued to show subnormal values, practically all being 
less than 1 mg. per 100 cc. of serum. During convulsive seizures, 
which inevitably set in late in the survival period, the magnesium 
concentration underwent a sudden and sharp increase as contrasted 
with the persistence of low values in experimental mates free at 
that time from a convulsive condition; even during the attacks, 
however, the serum magnesium, in rising to such a value as 1.1 
mg. per 100 cc. of serum, did not attain the normal level. The 
behavior of serum calcium in the rat under conditions of mag- 
nesium deficiency was consistent with what we previously recorded 
for the dog. Never falling below 10.9 mg. in the entire series, 
the values for serum calcium maintained their normal position 
throughout the survival period. Likewise the concentration of 
serum phosphorus showed no significant variation. 

Equally valuable as the normal figure on blood chemistry, for 
similar reasons, are the data on the bone analyses of the control 
rats (Table IV). Indeed, the chemical changes in the bones of 
these normal young animals during growth deserve a detailed 
account. The dried bone added to its absolute weight with age, 
although the rate of increase was very irregular. Like the dried 
bone, the absolute amount of ash increased with age but to such a 
greater extent that the percentage ash showed mounting values. 
Even more striking was the progressive and rapid increase in the 
absolute amounts of calcium and magnesium in the bone, so that 
in 30 days both elements had quintupled in magnitude. Since 
they had increased at a more rapid rate than had the bone itself, 
and even the ash, the percentage of calcium and magnesium in the 
dried bone, as well as in the ash, showed a notable elevation over 
the same period of time. Although the absolute amount of phos- 
phorus accumulated new increments with age, it did so to a lesser 
extent than either the bone or its ash, with effects manifested in 
gradual reduction of the percentage phosphorus in both materials. 
In brief, while the bone, ash, calcium, magnesium, and phosphorus 
were increasing in amount, the increase between them was so dis- 
similar that both in the bone and in the ash the percentage of cal- 
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cium and magnesium increased while the percentage of phosphorus 
decreased with age. 

Quite a different situation was presented in the bones of the 
animals restricted to the low magnesium diet, particularly as 
respects the changes in the absolute amounts of bone and its con- 
stituents. The bones showed steady gains in weight with age, 
which in this instance were so unusually rapid that almost from 
the beginning the bones of the animals on the deficient diet were 
heavier than those of the controls (Table V). Indeed as early as 
the 5th day on the deficient ration and thereafter for the duration 
of the survival period, the bones of these experimental animals 
contained more ash than did those of the controls. Despite the 
fact that these animals received an insignificantly small amount of 
magnesium, their bones showed throughout an increase in the 
absolute amounts of magnesium; but the increase was very slight, 
since retardatior in the usual rate was evident by the 5th day on 
the diet and by the 30th day the absolute amount of magnesium 
was less than one-half of that in the controls. In view of the 
meager amount of magnesium in the bones of the animals sub- 
jected to the low magnesium diet, it is evident that no extraordi- 
nary deposition on its part can be responsible for the unusual in- 
crease in weight of the ash and in turn of the bone. Rather, the 
greater deposition of calcium brings about in large measure the 
increased weight of bone; for in these bones occurred 100.9 mg. of 
calcium as contrasted with 87 mg. in those of the controls. It is 
true that by increasing considerably in absolute amounts in the 
experimental animals phosphorus contributed to the greater den- 
sity of the bone, but by showing a lesser increase than calcium it 
performs to that extent a subordinate part. As the result of mag- 
nesium deficiency, therefore, the bones and ash gained inordinately 
in weight, as judged by absolute increments; even more striking 
was the excessive deposition of calcium. It is most probable that 
the bones and ash became weightier through this accumulation of 
calcium in prodigious amounts. 

Because the relative amounts of components, expressed in terms 
of percentage, constitute an extremely convenient method of 
visualizing the composition of bone, they convey most readily a 
definite impression of bone as it is seen in magnesium deficiency. 
In this condition the changed nature of the bone which is revealed 
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by consideration of percentage composition becomes conspicuous 
through its lessened magnesium and greatly increased calcium 
content. While magnesium accumulated in these bones in a lesser 
amount than usual, the bone itself gained in weight beyond the 
usual amount; hence the per cent of magnesium in the bone 
dropped rapidly until it was, after 30 days on the diet, approxi- 
mately one-half of its original figure and one-third of the figure 
normal for its particular age. On the other hand, the percentage 
of calcium in the bone at all ages was much increased over that of 
the controls. That this shift to a higher content of calcium in the 
bone is due, in the main, to actual absolute increase in this element 
and not to decreases in the other elements is manifest from the 
absolute figures which have already been presented. The per- 
centage of phosphorus in the bone is likewise increased at all ages, 
but the increase is not so striking as that for calcium. For mag- 
nesium and calcium, substantially the same relationship prevails 
in the percentage composition of the ash, where they show respec- 
tively the decrease and increase; for phosphorus, however, the in- 
significant nature of its change makes its percentage not far re- 
moved from the normal figure. The net result of this diversity 
between the rate of bone growth and the deposition of its mineral 
elements is to give a bone that differs from normal not only in — 
being heavier but in having a different composition; it contains a 
lessened percentage of magnesium, and a much greater percentage 
of calcium. 

The end-effects of magnesium deficiency on the composition of 
bone are evident; the intermediate events have thus far not been 
touched. If the entire survival period of approximately 30 days 
be divided into three consecutive periods of 10 days each, it is seen 
that the increments for bone, ash, calcium, magnesium, and phos- 
phorus, regarded individually without reference to each other, are 
not equal from period to period. This fact becomes more appar- 
ent when the figures are plotted on a semi-log grid which indicates 
the percentage rate of magnitude for the different periods (Chart 
I). This procedure is comparable to Hammett’s determination 
of growth capacity (11, 12). From the slope of the curves, it is 
seen that bone weight and deposition of ash, as well as its constitu- 
ents, calcium and phosphorus, were accelerated during the Ist 
days at a rate much in excess of that for the control bone. Asa 

















Orent, Kruse, and McCollum 583 


matter of fact, if we plotted for shorter intervals we would see 
that the acceleration is limited to the first 5 days on the diet; i.e., 
between the ages 25 to 30 days. Thereafter the growth rates are 
closely parallel to, or very slightly less than those of the control 
bones, but the fact that the former bones were accelerated to such 
an extent during the first 5 days gives them a magnitude that is 
maintained for the remaining 25 days, even though the rate during 
this latter period has dropped to normal. - 
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Cuart I. The rates of increase in weight of bone and its constituents 
from young rats which had received the low magnesium ration as contrasted 
with the rates for young rats which had received the control ration. 


In contrast to the accelerated growth of bone and extraordinary 
accumulation of ash, calcium, and phosphorus during the first 5 
days on the diet, the rate of deposition of magnesium in the bone 
of the deficient animals was not only much slower but also much 
steadier. Its curve forms almost a straight line from the 25th 
to the 55th day of age, 7.e. throughout the experimental period, 
but its slope is much lower than that for any other constituent. 
It should be mentioned, perhaps, that in the control animals 
magnesium differed from calcium and phosphorus in being de- 
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posited most rapidly when they were being deposited most slowly. 
Both in form and in slope the curve for magnesium deposition in 
the experimental animals is entirely different from that in the 
controls; when the intake of magnesium is markedly restricted, 
its accumulation in the bone is much more regular but very much 
slower. 

When the composition of the bone is correlated with the chemi- 
cal changes of the inorganic constituents of the blood in magnesium 
deficiency, it is seen that the magnesium concentration of the 
blood dropped at once, while the absolute amount of magnesium 
in the bone was slowly increasing. Nevertheless, the bone suffered 
from the condition in the blood, since the increase in magnesium 
in the former was so much retarded that the percentage magnesium 
in it and its ash was much reduced. Even more interesting was 
the behavior of magnesium in the blood and in the bone when the 
animal was sacrificed in the first stage of induced convulsions, that 
is within 2 minutes after the onset of the attack. During this 
limited time, magnesium rose in the blood and dropped sharply 
in the bone. Indeed the bones of these animals in every instance 
showed such a marked absolute decrease and lowered percentage 
of magnesium that the values were the lowest obtained. 


DISCUSSION 


That magnesium of the bone in normal animals increases pro- 
gressively in absolute amount and in percentage during the early 
part of life is in keeping with the data from recent determinations. 
It is true that Wildt, following analyses on rabbits at birth and at 
4 years of age, reached the conclusion that magnesium in bone 
diminished with age, but his work by the very nature of its plan 
would not reveal any detailed changes of the intervening period 
(13). From an investigation of the fresh bone of rats at intervals 
between 23 to 150 days of age, Hammett asserted that magnesium 
increased in absolute as well as in relative amount during this time 
(11), but the percentage of magnesium in the ash eventually de- 
clined after the animals reached 50 days of age (12). Although 
our immediate interest lies in the magnesium of the bone, it may 
not be amiss to cite the behavior of magnesium under normal con- 
ditions in the entire body. The absolute amount of magnesium 
in the body of the rat is said to be augmented from birth up to 90 
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days of age, and thereafter to be constant (14). The percentage 
of magnesium in the body at various ages is a matter in which 
there is a difference of opinion; on the one hand it is maintained 
that the percentage remains unchanged up to 40 weeks of age (15), 
on the other hand it is stated that, although the percentage is 
approximately constant up to 57 days of age (16), thereafter it 
diminishes (14). Even from such variable accounts, it is quite 
apparent that the course of deposition of magnesium in the bone 
does not necessarily parallel the course of retention of magnesium 
in the body. With allowance for difference in the choice of tech- 
nique, the data, in the present paper, in so far as they extend, 
correspond in the main with those of Hammett in showing’ an in- 
crease in magnesium, both absolutely and relatively, in the bones 
of normal rats up to 50 days of age. 

Under the stringent limitations imposed by a magnesium-de- 
ficient ration, the behavior of magnesium in bone is different. But 
even in this circumstance the magnesium of the bone rose from 
0.51 mg. to 1.4 mg. in 33 days, an increase indicative of a tendency 
to lay down this element in so far as it was possible. The limiting 
factor was, of course, the almost complete lack of magnesium in 
the ration. Whether the viosterol in the diet exerted any addi- 
tional effect in preventing the deposition of magnesium in the bone, 
or even in withdrawing it from this tissue, is problematic, although 
it must not be forgotten that McHargue and Roy reported that 
irradiation materially lessened the amount of magnesium in the 
bones and carcasses of rats (17). It is indeed extraordinary that, 
during 33 days on the magnesium-deficient ration, 0.89 mg. of 
magnesium was laid down in the bone, when the animal could not 
possibly have obtained from food during this time more than 
0.3 mg. The most likely explanation of this deposition of 
magnesium in bone in the face of an almost negligible intake is a 
migration of magnesium to bone from such organs as liver, kidney, 
and heart where it is plentiful (18, 19). This accretion of mag- 
nesium in the bones of animals deprived of this element, an out- 
come which is indicative of a redistribution, suggests that bone 
has a stronger attractive force than any other tissue for mag- 
nesium. 

Whether in normal or magnesium-deficient animals, the bone is 
not dominant in the distribution of magnesium throughout the 
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body. During strong muscular contractions in normal animals, 
magnesium is released from muscle into the blood stream; for a 
lowered content of the element in muscle accompanies the height- 
ened content in the serum (20). To what extent the transfer 
between muscle and serum occurs in moments of even more intense 
activity in magnesium deficiency is unknown; the transfer between 
bone and serum at these times of particular stress in this disorder 
is, however, more than likely. From the lowered serum mag- 
nesium, which appeared early and persisted all the while until the 
onset of convulsions, it is evident that the bone had not yielded its 
entire stock of magnesium to maintain a normal level in the blood. 
Instead the withdrawal or diversion of magnesium from the bone, 
in keeping the concentration of this element at even the low level 
in the serum, was slow and steady. In a crisis, however, mag- 
nesium was immediately mobilized from the bone, and perhaps 
from other tissues. This event is indicated in our data when, in 
the first stage of induced convulsions, the raising of blood mag- 
nesium occurred simultaneously with the lowering of bone mag- 
nesium. When it is remembered that the onset of convulsions is 
measured in seconds, the speed of transport of magnesium from 
the bone to the blood is truly rapid. Moreover, it is noteworthy 
that, in this rapid mobilization, the withdrawal of magnesium is 
independent of any disturbance in bone calcium. If magnesium 
is so intimately associated with calcium in bone structure, as it has 
been generally regarded, the rapid removal of the one without 
disturbance of the other is a phenomenon requiring elucidation. 
We are neither inclined nor prepared to take exception to the 
preexisting notions on the structure of bone, but we are desirous 
of calling attention, without undue emphasis or subscription, to an 
extreme theory on this subject. In his conception of the composi- 
tion of bone as consisting principally of half-basic calcium phos- 
phate with a slight admixture of calcium carbonate, Klement takes 
no account of magnesium as a true component. Magnesium, he 
says, is present in the fluid of the micelles; therefore it is always 
obtained in the ash of bone, it has always been determined as an 
integral part of bone, and indeed on the basis of analyses it could 
not be distinguished from the actual constituents of bone. When 
on other grounds he thus came to view magnesium as an adventi- 
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tious element, he inferred forthwith that it was not an inherent 
part of the structure of bone (21). 

With respect to the effect of a restricted magnesium regimen on 
calcium metabolism, we considered in the preceding paper the 
much debated proposition that magnesium and calcium exhibit a 
mutually antagonistic action. Although the interaction is said 

to be manifested by characteristic changes in the neuromuscular 
; response, in inorganic metabolism, and in bone composition, we 
, canvassed the data in the literature from the standpoint of the 
; metabolic effects alone, in which the administration of the one 
element is purported to lead to enhanced elimination of the other, 
and from this limited aspect of the subject we gained the impres- 
sion that the evidence on the mutuality of the action was incon- 
clusive. Nevertheless, we did record the majority view that there 
was a physiological relationship and that it was unidirectional; 
magnesium exercises an influence over calcium. In bone the 
mutual character of the antagonistic action again presents itself; 
for here, according to the numerous citations in the literature, 
magnesium and calcium display an inverse relationship. If this 
inference is true, it suggests four possible ways of modifying bone 
with the resulting composition being one of two kinds. Theory 
demands that, on the one hand, a high intake of calcium should 
lead to a bone rich in calcium but poor in magnesium; a restricted 
intake of magnesium should produce the same effect. On the 
other hand, a ration high in magnesium should lead to a bone rich 
in magnesium but poor in calcium; a ration low in calcium should 
produce the same effect. Before presenting the array of evidence 
on all four possibilities, we may admit at once that there are gaps 
and contradictions. Particularly the effects of ingesting large 
amounts of either calcium or magnesium salts abound in contro- 
versy, to some extent because the protracted experimental period 
necessary for the production of altered bone gives time for gastro- 
intestinal disturbances, but largely because chemical factors, such 
s as phosphorus, enter into any interplay between the calcium and 
magnesium cycles. 
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antagonism held without exception, it would be expected that a 
ration containing an exorbitant amount of calcium would induce 
a high calcium and a low magnesium content in the bone. But in 
the light of investigations on rickets, it is now known that increas- 
ing the moiety of calcium in the diet, unless the level of phosphorus 
is commensurately raised, actually gives rise to a bone poor in 
calcium, due to a disproportion between calcium and phosphorus. 
So far as we know, the effect which a ration high in calcium, to- 
gether with proportionately increased phosphorus, produces on the 
magnesium content of bone has not been described. One investi- 
gation in a comparable category deals with the effect on the 
calcium and magnesium content of the entire body; rats receiving 
an excess of calcium incorporated an increased percentage of cal- 
cium and a decreased percentage of magnesium in their tissues (16). 
In the case of rations deficient in calcium, on the contrary, the 
effects on bone composition are decisive in nature and singularly 
free from controversial points. When animals incur a calcium 
deficit by restriction to a low calcium regimen (22, 23), or sustain 
an irregularity in their calcium metabolism from parathyroid- 
ectomy (24, 25), both conditions conducive to lowered serum cal- 
cium, their bones invariably contain a lessened amount of calcium 
and an increased amount of magnesium. Furthermore, in humans 
suffering from rickets or osteomalacia, the bones are characterized 
by a similarly lowered calcium and increased magnesium content 
(26, 27). The argument for the antagonistic action of calcium 
towards magnesium is more impressive from these data on bone 
than it was from the metabolic reports, probably because the ex- 
periments relating to bone were of necessity prolonged to afford 
opportunity for a distinct change, whereas the metabolic studies 
were often terminated after a single injection of a calcium salt and 
observations limited to a few hours. 

On the converse side of this relationship between the two ele- 
ments, the principle that magnesium exerts a physiological control 
over calcium seemed quite conclusively established from metabolic 
evidence. Unfortunately, according to published accounts, the 
effect of immoderate ingestion of magnesium salts on bone com- 
position is attended by even more complexity than that of excessive 
calcium, since toxicity and anorexia are said to be disturbing fac- 
tors which obscure the true state (28, 29). Yet, in not a few in- 
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vestigations, the administration of diets excessive in magnesium 
salts resulted in a lessened amount of calcium in the bones (30-33) 
and in the body (34). From the conclusion that magnesium mani- 
fests its antagonistic action, among other ways, by lowering the 
calcium content of bone, the belief was thus derived that mag- 
nesium exercises a specific inhibitory effect on calcification. The 
rationale of the mechanism was sought on a physicochemical 
basis, and thereby was revealed another intricacy in the calcium 
to magnesium relation. By means of model experiments it was 
demonstrated that magnesium operates against calcification (35- 
37) largely by increasing the solubility of calcium salts (35, 38); but 
that this anticalcification, or it may be decalcification, disappears 
with an increased phosphorus concentration of the solution (36- 
38). This protective agency of phosphorus has received confirma- 
tion in vivo (32). In proper amount, phosphorus apparently off- 
sets the effects of excessive magnesium as completely as those of 
excessive calcium intake; accordingly it is a factor to be recognized 
in the counter relationship between calcium and magnesium. Of 
the two complicating influences which may operate in the over- 
ingestion of magnesium, namely gastrointestinal disturbance and 
a high phosphorus level, the former depreciates in several instances 
the validity of the results in vivo whereby magnesium is seemingly 
antagonistic to calcium; for it is difficult to ascertain how much of 
the lowered content of calcium in the bone is due to the inhibitory 
action of magnesium and how much to anorexia. The evidence 
in vitro is free, perchance, from such an entanglement, and is there- 
fore the more convincing. Here the effect of magnesium in check- 
ing calcification is not only demonstrated but also explained. All 
in all, the bone data consequent to high magnesium intake, al- 
though less conclusive perhaps than the evidence from metabolic 
experiments, square with the proposition that magnesium does 
exert control over calcium. 

In accordance with the fourth possible arrangement of calcium 
and magnesium intake capable of revealing their antagonism 
through an alteration in bone, the present investigation has shown 
that a ration deficient in magnesium brings about an increase in 
the weight of bone and its calcium content. It may be mentioned 
that a low magnesium regimen apparently affects the calcium 
content of the entire body in the same manner as it does that of the 











$e 


590 Mg Deficiency in Animais. VI 


bone. As the result of restricting rats for 20 days to a magnesium- 
deficient diet, Medes determined that the percentage of calcium 
in the body was definitely increased above normal while the per- 
centage of magnesium was decreased (16). With this complete 
agreement between the effects of low magnesium on the calcium 
content of the body and of the bone, the evidence points unmistak- 
ably to a relationship between magnesium and calcium which in 
its character fulfils the provisions of theory. Just as excess mag- 
nesium inhibits calcification, inadequate magnesium gives rise to 
increased calcification. In view of the marked retention of cal- 
cium resulting from magnesium deficiency (5), it now becomes 
apparent that the bone is the site of deposition of much of the 
retained calcium. Thus the metabolic and bone studies with a low 
magnesium regimen are at one in upholding the view that mag- 
nesium acts upon calcium. 

In the foregoing survey we considered the relevant data on bone, 
dealing with the effects of calcium and magnesium upon each other. 
We shall not, however, attempt to draw any conclusions on the 
mutuality of the relationship between the two elements and on the 
control of calcium over magnesium. These topics have served 
their purpose in contributing plausibility, so much as they have, 
to the general proposition that calcium and magnesium are physio- 
logically related. Our immediate interest is whether magnesium 
can govern calcium, and all the evidence tends to give an affirma- 
tive answer to this question. The physicochemical considerations 
whereby magnesium is said to be able to displace calcium from its 
union with protein or amino acid, and to increase the solubility 
of the calcium salts; the metabolic experiments in which low mag- 
nesium led to calcium retention, and high magnesium to calcium 
excretion; and now the bone studies in which an excess of mag- 
nesium induced decalcification, while a deficiency of magnesium 
induced hypercalcification—all these lines of evidence are con- 
ducive to the view that magnesium holds physiological sway over 
calcium. 

The fact that the remarkable acceleration in calcification is 
accomplished in the first 5 days on the diet and is then checked, 
just as the excessive retention of calcium by the dogs on the diet 
is stopped at a comparable time, is open to at least two explana- 
tions. The rats were 30 days of age when the extraordinary 
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acceleration in calcification ceased. When Hammett observed 
that the “growth capacity” of calcium in normal animals was 
disturbed at this age, he attributed it to the onset of puberty (10, 
11). Perhaps that interpretation holds here. On the other hand, 
the cessation of the accelerated calcification in the animals on low 
magnesium diets at this particular time might be due to the onset 
of nutritive failure, similar to that which occasioned a reversal of 
calcium retention in the dogs. In this case, the animals succumb 
to convulsions before the bone is severely depleted of calcium. 


SUMMARY 


In animals restricted to a low magnesium regimen, the bone was 
unusually heavy and overly abundant in its absolute content of 
ash, calcium, and phosphorus; the increased weight of the bone was 
due in large measure to the excessive deposition of calcium. While 
the bone itself gained in weight at an extraordinary rate, the 
accumulation of calcium so exceeded this as to give a bone that 
differed from normal not only in being heavier but also in having 
a different composition; viz., a greater percentage of calcium. 

From a study of the rate of increase in magnitude during differ- 
ent arbitrary periods, it is seen that the acceleration for bone and 
calcium was limited to the first 5 days on the diet; thereafter the 
rates were almost parallel to those of the control bones. Thus the 
heaviness of bone and its intensive calcification, which was im- 
parted by the initial acceleration, was maintained throughout the 
survival period. These changes are attributed, with certain limit- 
ing circumstances, to the physiological sway of magnesium over 
calcium. The cessation of this influence, after its early and com- 
paratively brief period of operation, is open to either or both of two 
interpretations: the onset of puberty or nutritive failure. 

Although the animals received an insignificantly small amount 
of magnesium, their bones showed an accumulation of this element 
which was much less than usual but which represented a definite 
absolute gain over the entire period; accordingly this accretion of 
magnesium in bone under conditions of deprivation indicates a re- 
distribution of the element within the body. The rate of deposi- 
tion of magnesium in the bone throughout the entire period of the 
deficiency, while steadier, was much slower than that of the other 
components, so that it contributes to the altered composition of the 
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bone with its lowered percentage of magnesium. During the few 
seconds that passed before the first stage of induced convulsions 
was reached, the magnesium level rose in the blood and dropped 
sharply in bone. This rapid mobilization of magnesium takes on 
interest in connection with the composition of bone. 
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SYNTHESIS OF THE PHOSPHORIC ESTERS OF 
HYDROXYAMINO ACIDS 


III. RESOLUTION OF d,l-SERINEPHOSPHORIC ACID AND 
SYNTHESIS OF |-HYDROXYPROLINEPHOSPHORIC ACID 


By P. A. LEVENE ano A. SCHORMULLER 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, June 29, 1934) 


In previous communications of this series'* the synthesis of the 
phosphoric esters of two hydroxyamino acids (namely natural 
tyrosine and d,l-serine) was reported. It was desired to prepare 
the phosphoric esters of the other naturally occurring hydroxy- 
amino acids. 

The present communication contains a report on the synthesis 
of the phosphoric ester of the natural l- (levo-)hydroxyproline. 
This substance was prepared by the method which led to the for- 
mation of the ester of d,/-serine. 

At the same time, we wish to state that the method was not 
applicable to the synthesis of the phosphoric esters of either hy- 
droxyaspartic or hydroxyglutamic acids. In fact, up to the pres- 
ent, we have failed to prepare either of these esters by any other 
method of phosphorylation. which we have applied. 

The present paper also contains a report on the resolution of 
d,l-serinephosphoric acid to give dextro-serinephosphoric acid, the 
maximum rotation of which was found practically identical with 
that of the naturally occurring substance. The purity of the sub- 
stance described by Lipmann and Levene* is thus definitely 
established. 

Occasion was also taken to convert the dextro- (d-)phosphoser- 

1 Levene, P. A., and Schormiiller, A., J. Biol. Chem., 100, 583 (1933). 


* Levene, P. A., and Schormiiller, A., J. Biol. Chem., 106, 547 (1934). 
* Lipmann, F. A., and Levene, P. A., J. Biol. Chem., 98, 109 (1932). 
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ine into levo-phosphoglyceric acid. The ease with which this 
reaction is accomplished indicates that the same reaction may 
occur in the living organism and, in view of the part played by 
phosphoglyceric acid in carbohydrate metabolism, a new physio- 
logical significance may be attributed to phosphoproteins. 

Incidentally, mention may be made of the use of Raney’s cata- 
lyst for the synthesis of aminomalonic ester and hydroxyglutamic 
acid. In the latter case the method of Harington and Randall‘ 
is more advantageous from the view-point of yield; on the other 
hand, by Raney’s method, the isolation of the intermediate prod- 
uct—the dihydropyrazine derivative—was accomplished without 
difficulty. 


EXPERIMENTAL® 


Dezxtro-Serinephosphoric Acid—The d,l-serine required for the 
preparation of d,l-serinephosphoric acid was prepared essentially 
according to the method of Leuchs and Geiger.* However, instead 
of the chloroacetal, the bromoacetal (obtained from paraldehyde 
with bromine) was treated with sodium ethylate on the steam 
bath,’ thereby producing the ethoxyacetal by a much simpler 
process and with a very good yield. The d,l-serine (200 gm.) was 
phosphorylated? in portions of 8 gm. and yielded 106 gm. of the 
barium salt of d,l-serinephosphoric acid. 

Two portions of the barium salt (50 gm. each) were each sus- 
pended in 400 cc. of water. Sulfuric acid was added in slight 
excess and the mixture vigorously shaken mechanically during 1 
hour. The solutions were combined, filtered, and quantitatively 
freed from barium and sulfate ions. The clear solution was made 
faintly alkaline by addition of a concentrated solution of brucine 
in methyl alcohol. The excess brucine was then removed by 
extraction with chloroform and the aqueous layer evaporated 
under diminished pressure to a thick syrup. 

The product was dissolved in 750 cc. of boiling methyl] alcohol 
and the solution cooled in ice water during 2 hours. On filtering 


‘ Harington, C. R., and Randall, S. 8., Biochem. J., 25, 1917 (1931). 

* We wish to thank Dr. R. 8. Tipson for his kindness in assisting in the 
preparation of the manuscript. 

* Leuchs, H., and Geiger, W., Ber. chem. Ges., 39, 2644 (1906). 

7 Spiith, E., Monatsh. Chem., 36, 4 (1915). 
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through a Buchner funnel, there were obtained 175 gm. of nicely 
crystallized brucine salt. On concentrating and standing in the 
refrigerator the mother liquor yielded an additional 40 to 50 gm. 
of the salt. 

175 gm. of the first crop of brucine salt were recrystallized four 
times from absolute methyl! alcohol and a small sample then con- 
verted into the barium salt. The optical rotation of the barium 
salt, dissolved in 10 per cent hydrochloric acid, was 


+0.75° X 100 


= +6.3° 
2X 6 is 


lalp = 

After seven recrystallizations, the rotation under the same con- 
ditions was +8.6°. After nine recrystallizations, the rotation was 
constant (+9.4°) and was not changed by further crystallization. 
The yield was 40.5 gm. 

Dried under diminished pressure at 60°, the dibrucine salt had 
the following composition. 

5.940 mg. substance: 0.382 cc. N, (757 mm. at 26°) 

4.190 “ 2 : 8.980 mg. molybdate 


CysHo00iu.NsP.* Calculated. N 7.20, P 3.19 
973.5 Found. “ Te; "ai 


* In our former paper® the formula and calculated values for the dibru- 
cine salt should be corrected. 


On heating, the salt sinters at 100° and decomposes* around 130°. 

The barium salt, obtained from the brucine salt with barium 
hydroxide, had the following composition after drying at 110°. 

10.580 mg. substance: 0.387 cc. Nz (762 mm. at 26°) 

3.472 “ - : 23.180 mg. molybdate 


C;H:OsNPBa. -Calculated. N 4.36, P 9.65 
320.4 ’ Found. “ 4.18, “ 9.69 


For the determination of the specific rotation, a 6 per cent solu- 
tion of the barium salt in 10 per cent hydrochloric acid was used. 


1,13° 100 
[a]? -” +1.13° X_100 = +9.4° 


Calculated as the free acid, the rotation® was 
+1.13° K 100 


>= ——-> = .3° 
lalp 2x 347 +16 





§ Levene, P. A., and Schormiiller, A., J. Biol. Chem., 108, 537 (1933). 
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Phosphate of l-Glyceric Acid from d-Serinephosphoric Acid—To a 
suspension of 4.8 gm. of finely powdered barium salt of d-serine- 
phosphoric acid in 100 cc. of water 2.7 gm. of concentrated sulfuric 
acid were added and the mixture was vigorously shaken during 30 
minutes. To this suspension a concentrated aqueous solution of 
2.3 gm. of pure crystallized barium nitrite (Ba(NOz2)2-H2O) was 
slowly added during 1 hour, being cooled in ice throughout the 
operation. The mixture was then allowed to stand overnight at 
room temperature. 

A small portion of the liquid was now concentrated under di- 
minished pressure, rendered faintly alkaline by addition of barium 
hydroxide, and filtered through charcoal. On rapidly heating the 
solution to boiling, the barium salt was precipitated and was 
filtered off while hot. After reprecipitating with alcohol from an 
aqueous solution made faintly acid to Congo red® the substance 
still contained 1.5 per cent of nitrogen. 

Therefore, the larger part of the reaction liquid was treated 
once more with 1.2 gm. of sulfuric acid and 2.3 gm. of barium 
nitrite as described above. Finally, after standing for 3 to 4 hours, 
the barium salt was prepared. The yield was 1.4 gm. 

The substance was dried at 110° for analysis and had the follow- 
ing composition. 


5.005 mg. substance: 2.120 mg. CO, and 0.980 mg. H.O 


4.550 “ : 29.900 “ molybdate 

40.470 “ “ : 27.820 “ BaSO, 
C;H,0O;PBa. Calculated. C 11.20, H 1.55, P 9.64, Ba 42.75 
321.4 Found. *€ 11.55, “* 2.19, “9.54, “ 40.45 


For the determination of the specific rotation, Vogt’s’ method 
was followed. 0.4018 gm. of the barium salt was dissolved in 2.5 
ec. of N sulfuric acid and immediately neutralized with 2.5 cc. of 
n sodium hydroxide. The rotation was 

—1.00° X 100 


[e]p = —————_ = -6.2° 


2 X 8.036 


Calculated as the free acid, the rotation was 


»  —1.00° x 100 
o ——— = —F" 
lalp 2X 4.65 , 





® Vogt, M., Biochem. Z., 211, 1 (1929). Neuberg, C., Weinmann, F., 
and Vogt, M., Biochem. Z., 199, 248 (1928). 
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After the addition of a few drops of concentrated hydrobromic 
acid the rotation changed,® and after standing for 3 days it was 
=»  +0.39° x 100 ' 
lal = 2x 80% 7 +2.4 

Dextro-serine, converted into glyceric acid, yields the levo acid.” 

Levo-Hydroxyprolinephosphoric Acid—Phosphorus pentoxide 
(4.0 gm.) was dissolved in 40 gm. of 100 per cent phosphoric acid. 
To this solution were added 5.2 gm. of pure hydroxyproline (very 
finely powdered) and the mixture was thoroughly stirred. After 
standing in a desiccator during 50 to 60 hours, finely chopped ice 
and then 2 liters of ice water were added. 180 to 200 gm. of 
crystallized barium hydroxide and a little phenolphthalein were 
now added and the mixture was vigorously stirred until it became 
pink in color. The barium phosphate was removed by centrifug- 
ing and the precipitate well stirred with about 1 liter of water and 
filtered through a thin layer of charcoal. The combined solutions 
were rendered neutral by addition of a few drops of hydrobromic 
acid and then concentrated under diminished pressure at 40° to a 
volume of 150 to 200 ce. The solution was made faintly alkaline 
with barium hydroxide, filtered through charcoal, and alcohol was 
added until the concentration of aleohol was about 60 per cent. 
The thick precipitate was readily separated by centrifuging. 
After washing successively with 50 per cent alcohol, 80 per cent 
aleohol, aleohol-ether 1:1, and anhydrous ether, the barium salt 
was filtered off and dried. Yield 4.3 gm. 

The barium salt is a very fluffy, white powder which is easily 
soluble in cold water. On heating the aqueous solution, the 
barium salt separates as a compact, crystalline precipitate, which 
consists of imperfectly formed feather-like crystals. 

For analysis, the salt was dissolved in a little cold water, pre- 
cipitated by boiling the solution, redissolved in cold water, and 
finally precipitated with alcohol. After drying at 80° under di- 
minished pressure, it still contains 1 mole of water of erystalliza- 
tion which can be driven off by drying at 130° under a high 
vacuum during 24 hours. 

145.5 mg. substance lost 8.0 mg. H,O 


C;H,O;NPBa-H,O. Calculated. H,O 4.9 
364.5 Found. “ 5.5 





” Fischer, E., and Jacobs, W. A., Ber. chem. Ges., 40, 1068 (1907). 
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The barium salt, dried at 80°, had the following composition. 


7.190 mg. substance: 4.185 mg. CO, and 2.090 mg. H.O 


8.696 “ 93 : 0.297 ec. N; (754 mm. at 27.5°) 
4.004 “ - : 23.450 mg. molybdate 
0.2200 gm. - : 0.1405 gm. BaSO, 


C;H,0;:NPBa-H,O (364.5) 
Calculated. C 16.48, H 2.7, N 3.84, P 8.52, Ba 37.64 
Found. ** 16.06, ‘‘ 3.2, “* 3.85, ** 8.51, “ 37.58 


For the determination of the specific rotation, the barium salt 
was dried at 130° and dissolved in 10 per cent hydrochloric acid. 
—1.60° x 100 


[ely = ————— = --13.3° 


Calculated as the free acid, the rotation was 


—1.60° x 100 


——_— = —21.9° 
2 X 3.656 


lelp = 





Brucine Salt of Hydroxyprolinephosphoric Acid—3.6 gm. of the 
barium salt of the hydroxyprolinephosphoric acid were dissolved 
in a little water and the barium quantitatively removed by the 
addition of about 10 cc. of 10 per cent sulfuric acid. To the aque- 
ous solution a solution of brucine in methyl alcohol was added 
until the mixture showed a distinctly alkaline reaction to litmus. 
The excess of brucine was extracted with chloroform and the 
aqueous layer evaporated to dryness under diminished pressure 
at 40°. 

The residue was dissolved in a little hot butyl aleohol (about 75 
per cent) and allowed to stand in the refrigerator overnight. The 
brucine salt crystallized out in rosettes of large needles. 

These crystals were dried over phosphoric anhydride at room 
temperature and then on further drying at 130° in a high vacuum 
during 30 hours, 5 moles of water were lost. The dry substance 
had an indefinite melting point between 180-183°. It had the 
following composition. 


7.965 mg. substance: 0.483 ec. N2 (756 mm. at 25°) 


3.810 “ - : 9.500 mg. molybdate 
Cs:HeOuNsP. Calculated. N 7.01, P 3.11 
999.5 Found. ** 6.90, ‘* 3.60 
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Diethyl Ester of Aminomalonic Acid'—25 gm. of isonitroso- 
malonic ester (purified by distillation under diminished pressure) 
were dissolved in 45 gm. of absolute alcohol, 5 gm. of Raney’s 
nickel catalyst were added, and the mixture was shaken with 
hydrogen at a pressure of 40 pounds per sq. inch. After 4 to 5 
hours, the absorption of hydrogen ceased. The catalyst was re- 
moved by centrifuging and the alcohol evaporated off under di- 
minished pressure. The syrup was mixed with 250 cc. of anhydrous 
ether and saturated with dry hydrogen chloride. After standing 
for 2 hours in the refrigerator, the thick paste was filtered through 
a Buchner funnel and the product washed with dry ether. Yield 
18 to 21 gm. 

For analysis it was dissolved in a small amount of absolute 
ethyl alcohol containing 1 per cent of dry hydrogen chloride and 
precipitated by the addition of warm ether. The melting point 
was 170°. 


10.610 mg. substance: 0.608 cc. N2 (759 mm. at 24°) 


5.746 “ " : 3.800 mg. AgCl 
C;H,O,NCl. Calculated. N 6.62, Cl 16.75 
211 Found. * 6.57, “* 16.36 


Isolation of Diethyl Ester of 2 , 5-Dicarbethoxy-Dihydropyrazine-S , - 
6-Diacetic Acid (I) in Preparation of Hydroxyglutamic Acid* 


N 
\ 
C,H,OOC - HC C - CH: - COOC;H, 


C;H,OOC - CH: - C CH - COOC.H: 
» 
N 


I 


25 gm. of ethyl acetone dicarboxylate in 75 cc. of absolute alcohol 
were shaken in the presence of Raney’s nickel catalyst with hydro- 
gen at a pressure of 40 pounds per sq. inch until the absorption 
had ceased (3 to 4 hours) and the solution was then centrifuged 
in order to remove the catalyst. After standing overnight in a well 
stoppered bottle at room temperature, the brown liquid was cooled 


4 Piloty, O., and Neresheimer, J., Ber. chem. Ges., 39, 514 (1906). Puto- 
chin, N. J., Ber. chem. Ges., 66, 2213 (1923). 
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in ice for several hours. During this time, a thick paste of golden- 
yellow needles formed. 

The ester crystallized from absolute alcohol in long, bright 
yellow needles having a melting point of 124°. For analysis, it 
was twice recrystallized from absolute ethyl alcohol and dried at 
60° under diminished pressure. It had the following composition. 


4.465 mg. substance: 8.870 mg. CO, and 2.580 mg. H,O 


7.960 “ ” : 0.515 ec. N; (759 mm. at 25°) 
CisHasOsN2. Calculated. C 54.24, H 6.6, N 7.04 
398.2 Found. ** 54.17, “ 6.5, ‘* 7.40 


Conversion of (I) into 3 ,6-Dimethylpyrazine—The method given 
by Harington and Randall‘ was followed exactly. The dimethyl- 
pyrazine was purified by isolation of the mercuric chloride com- 
pound. This was converted into the picrate, which crystallized 
from absolute alcohol in long lemon-yellow needles and had a 
melting point of 157°. 














MONOACETONE d-XYLOKETOSE 
A PRELIMINARY NOTE 
By P. A. LEVENE anv R. STUART TIPSON 


(From the Laboratories of The Rockefeller Institute for Medical Research, 


New York) 


’ (Received for publication, July 2, 1934) 


Whereas in the case of hexoses both the aldoses and the ketoses 


have been the subject of extensive investigation, in the case of 
pentoses the keto forms have attracted practically no attention, 
since they are difficultly accessible either as natural products or 


by methods of synthesis. Of the four possible forms only one 
has been discovered in nature—the ketoxylose isolated from urine, 
in cases of pentosuria, by Levene and La Forge.' The d form 
of this sugar was recently synthesized by Schmidt and Treiber’ 
and a detailed study of its properties and of its derivatives is 
now being undertaken in our laboratory. The present note deals 


with the preparation of the monoacetone derivative. 


d-Xyloketose was condensed with acetone in the presence of 
sulfuric acid and anhydrous copper sulfate to give a crystalline 
monoacetone derivative which does not exhibit mutarotation 
in water. It therefore presumably has one of the three following 


structures. 

CH:-O , ° ,O-CH: CH.-OH 
| Some: Meo | | 
r——C-O 0-C- s -C——-, 

| | | Me | 
HO-C-H HO-C-H 0-C-H 
0 | | ©) | 
| H-C-OH H-C-OH | H-C-OH 
! ' 
| | | 


CH, CH,—- CH,——- 








‘ Levene, P. A., and La Forge, F. B., J. Biol. Chem., 18, 319 (1914). 
* Schmidt, O. T., and Treiber, R., Ber. chem. Ges., 66, 1765 (1933). 
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Investigation of its precise structure (and of that of the glyco- 
sides of d-xyloketose) is now in progress. 


EXPERIMENTAL 


Preparation of Monoacetone d-Xyloketose—d-Xyloketose was 
prepared from d-xylose as described by Schmidt and Treiber.* 
2 gm. of pure xyloketose (regenerated from the p-bromophenyl- 
hydrazone) were shaken with a mixture of 0.04 cc. of concentrated 
sulfuric acid, 40 ec. of acetone (analytical reagent), and 4 gm. 
of anhydrous copper sulfate at room temperature (27°) during 
90 hours. 

The product was isolated as for monoacetone ribose,’ giving a 
pale yellow syrup (yield, 2 gm.) which was purified by distillation 
under a high vacuum. 

The substance boiled at 130-140° (bath temperature) at 0.1 
mm. and was collected as a colorless, viscous syrup which quickly 
crystallized spontaneously to a solid mass. 

It had the following composition. 


4.673 mg. substance: 8.665 mg. CO, and 3.180 mg. H.O 
CsH,,O;. Calculated. C 50.50, H 7.4 
Found. “ 50.56, “* 7.6 


The crystalline material was somewhat hygroscopic and had a 
melting point of 50-52° (with softening at 45°) in a sealed tube. 
Its specific rotation was 
» _, —0.10° X 100 | 6° 
la]p = 2x 1.930 7 2.6° (in water, 2 minutes after solution) 
The rotation remained unchanged after the addition of 1 drop 
of concentrated ammonia. 


3 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 102, 187 (1933). 
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A STUDY ON KERATIN 


By DAVID R. GODDARD* ann LEONOR MICHAELIS 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, May 16, 1934) 


Keratins are the proteins of epidermal and skeletal tissues which 
are insoluble in the usual protein solvents, not digested by trypsin 
or pepsin, and high in cystine content. Such a definition inten- 
tionally excludes fibroin, the major protein of silk. It will be 
shown in this paper that keratins can be converted into proteins 
soluble in alkali or acid, with a definite optimum pH of flocculation 
(which may be interpreted as an isoelectric point), and digestible 
by trypsin or pepsin. This is accomplished by breaking the di- 
sulfide bonds of the protein. Papers on the oxidation of keratins 
have been published by Lissizin (1), Stary (2), and Waldschmidt- 
Leitz (3), who used bromine, permanganate, and H,0, as oxidants. 
Stary and Waldschmidt-Leitz have shown that the oxidized kera- 
tin is digested by trypsin. The oxidizing agents are not specific 
for the disulfide groups, but attack the protein molecule at other 
points, and they act very slowly. In contrast, the reductants will 
be shown to act very quickly and without bringing about any other 
appreciable chemical alteration than that concerned with the sul- 
fur. These agents dissolve keratin only at alkaline reaction (pH 
10 to 13), but the action is not due to alkali alone. Products pre- 
pared from the solutions behave as true proteins, and not as prod- 
ucts of hydrolysis. Their solutions are precipitated by ordinary 
protein precipitants such as sulfosalicylic acid and lose this 
property when digested by trypsin or pepsin. 

Reductants available for reduction of disulfide groups are thio- 
glycolic acid, potassium cyanide, sodium sulfide, and sodium sul- 
fite. The chemical process exhibited by these reagents on simple 


* National Research Council Fellow in the Biological Sciences. 
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disulfide compounds such as cystine can be formulated as follows: 


(1) R—S—S—R + 2HS—CH,COOH —2R—SH + [S—CH,COOH)], (see (4))* 
(2) R-S—S—R + HCN — R—SH + R—S—CN (see (5)) 

(3) R-S—S—R + H.S — R—SH + H,S8:t 

(4) R—-S—S—R + H.SO; — R—SH + R—S—S—O;H (see (6, 7)) 


Reactions 1 to 3 occur only in slightly alkaline solution; Reac- 
tion 4 is most rapid in neutral to mildly acid solutions. 

When keratin, such as wool or feathers, is treated with thiogly- 
colic acid at a pH of 10 or higher the reaction appears to be identi- 
cal with that on simpler disulfides. The reaction is a simple re- 
duction; no loss of sulfur occurs. The sulfhydryl protein can be 
reoxidized to the disulfide state, and this disulfide protein is still 
soluble in acid or alkali and digestible by trypsin or pepsin. 

The action of cyanide on wool is not quite so simple. A higher 
alkalinity is required (pH 12 to 13) and the proteins lose sulfur; 
however, the substances obtained behave as true proteins, not as 
products of hydrolysis. 

The dissolving action of sodium sulfide has been known for a 
long time and is used industrially. Kiister and coworkers (8) and 
Merrill (9) have considered the dissolving of keratin as a hydrol- 
ysis. Pulewka (10) and Speakman (11) realized that the action 
is on the disulfide groups. However, substances obtained behave 
as true proteins. In contrast to the cyanide preparations they 
contain more sulfur than the native keratin, though the cystine 
determinations by the Folin and Marenzi (12) method give the 
same values as the wool. It is likely that the action of NaS on 
keratins is not identical with its action on simpler disulfides and 
seems to be analogous to the action of sulfite on cystine, and a 
polysulfide is formed which behaves as cysteine in the Folin and 
Marenzi procedure. When such a protein is redissolved in weak 
alkali and reprecipitated with acid, it undergoes a loss in sulfur, 


* Dr. A. E. Mirsky called our attention to the use of thioglycolic acid as 
a protein reductant. Unpublished work from this laboratory has shown 
that cystine is reduced at mildly alkaline reaction by an excess of thiogly- 
colic acid. The cysteine has been almost quantitatively recovered by 
converting it to benzylcysteine. 

¢t Unpublished work from this laboratory has shown that cystine is 
reduced according to Reaction 3. The cysteine and disodium-disulfide 
have been recovered as benzyl derivatives. 
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but always in such a way that the total sulfur exceeds the cystine 
sulfur calculated from the cystine determination on the same 
preparation. 

Sodium sulfite does not dissolve wool at an appreciable rate at 
any pH; so Reaction 4-has no practical significance for keratin. 


EXPERIMENTAL 


Most of the experiments were performed with native sheep wool, 
freed from fat by ether extraction. Other experiments with 
chicken feathers gave similar results. | The wool was analyzed for 
cystine by the Folin and Marenzi (12) procedure, for nitrogen by 
the Kjeldahl method, and for sulfur by bomb combustion (13). 
The results, corrected for moisture, but not for ash, are as fol- 
lows: N 16.66, S 3.19, cystine 11.90, 11.86 (calculated according to 
sulfur content, 11.9). 


Protein Obtained with Thioglycolic Acid 


50 gm. of wool were dissolved in 2 liters of a 0.5 m thioglycolate 
solution. This solution was prepared by neutralizing 92 gm. of 
thioglycolic acid with twice the amount of concentrated NaOH 
necessary to neutralize it to the turning point of phenol red, and 
made up to 2 liters. (The pH of the solution is about 12.) After 
3 hours at 30° practically all the wool had dissolved. The mix- 
ture was filtered and the filtrate precipitated with 2 moles of gla- 
cial acetic acid, the precipitate collected on a filter, immediately 
twice ground with acetone made acid with HCl, washed with 
ether, and dried in vacuo. 

The yield was 30 gm. of dry white powder which was still con- 
taminated with a small amount of thioglycolic acid. The protein 
was freed of the last traces of thioglycolic acid by suspending in 
water and dialyzing for 3 days against distilled water in a cello- 
phane tube. The fact that the protein was free from thioglycolic 
acid was shown by the cobalt test described in the appendix. 
The protein obtained is insoluble in water or neutral salts, but is 
soluble in strongly acid or alkaline solutions. The dialyzed pro- 
teins gave directly a strong nitroprusside test. They are slowly 
oxidized by air in bicarbonate solutions. Then the nitroprusside 
test of the protein’is positive only after addition of KCN. The 
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oxidized protein can be reduced over again by thioglycolic acid 
in bicarbonate buffers. 

Four preparations have been made from wool by treatment for 
1, 3, 6, and 24 hours with thioglycollate solutions. No increased 
yield is obtained after 3 hours. On varying the pH of the thio- 
glycolate the wool does not dissolve at pH 9.0; it dissolves slowly 
at 10.1, and rapidly at a pH of 11 or over. Control experiments 
with m sodium carbonate or ammonium hydroxide showed that no 
dissolving action occurred in the absence of thioglycolate. 

Analyses of two of the preparations are given below. The cys- 
tine determinations were made after first oxidizing the hydrolyzed 
protein with 3 per cent H,O. (as Dr. E. A. Mirsky suggested to us) 
and then following the Folin-Marenzi method. The nitrogen 
determination was by micro-Dumas. ‘The figures are in percent- 
age of the dry weight and are not corrected for ash. 





| Treated with | Treated with 





thioglycolate |  thiogycolate 
for 24 hrs for 3 hrs. 
j ] 
ETS Ey ee Penn i eae ee - 3.20 3.13 
iad aa re adiah We Sw a sic’ 15.71 15.75 
ee pean nain' 11.8 11.9 
a calculated from sulfur............... 12.0 11.74 
PIII s ark s 5.0 hire eelwaad bse adultes 4.6 4.7 


Proteins Prepared by Potassium Cyanide 


Wool does not appreciably dissolve in 1 m KCN solutions, even 
in days, and in such a solution it turns dark brown to black. In 
0.1 n NaOH and o or 0.5 m KCN most of the wool dissolves in a 
few hours, and such solutions do not become black even after days. 
If the wool is first treated with NaOH, washed, and exposed to 
KCN, it does not dissolve. The preparation of the protein from 
the solution was analogous to that described above. 

A protein was prepared from wool by treating 50 gm. of wool 
with 2 liters of m KCN in 0.1 nN NaOH. The yield was 17.6 gm. 
of dry protein. The protein is similar to that obtained by thio- 
glycolic acid. It is slightly more soluble, lower in sulfur and cyst- 
ine content. It gives the nitroprusside test and does not lose this 
property even when its alkaline solution is exposed to the air for 
days. Preparations made by treatment with KCN for 1, 6, 24, 
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and 48 hours had sulfur contents of 1.3, 1.7, 1.8, and 1.4 re- 
spectively. 

Analyses of two preparations are given below. 


| Treated with Treated with 
| KCN for 24 hrs KCN for 6 hrs. 





Ty Ts oh Ge: iene ec rs'ds se euee teed wane eo 1.8 1.73 








PN Pas ecards bia we 0d Sales Bids fan ck BA 15.99 14.79 
Cystine. . bveKs Winds hes teva vedea chee 1.86, 1.87 
lecslectric point. . bette ee eee teste sree ene! 4.7 4.7 





Preparation with Sodium Sulfide 


50 gm. of wool were dissolved in 2 liters of 0.5 mM NaS. The 
protein was isolated as above. The S content was very high, due 
in part to free sulfur extractable by CS:. However, the final 
preparations gave high constant values of 8, and this could not 
be decreased by further grinding with CS: When the entire 
preparation of the protein is carried out under nitrogen, no free 
sulfur is formed, but the sulfur content of the protein is still high. 
The protein so isolated gave a negative nitroprusside test (even 
when prepared under nitrogen) unless first treated with KCN. 
The isoelectric zone is wide, but one preparation, as colloidal solu- 
tion made by dialyzing the Na,S-wool solution without previous 
precipitation, gave a sharp isoelectric point at pH 4.9. 

The analyses of two preparations are given below. 


mple B. 


T reated, ‘with Nass Treated, with NaS 
6 hrs. 











6.61, 6.55 » 5.36 


2 


Ee ae eee 

Nitrogen... 12.99 | 13.62 
Cystine. . ’ 11.63 | Ba 
Isoelectric point. . 4145 | 4246 


Sample A was redissolved in concentrated NH,OH, filtered, and 
reprecipitated with acetic acid. On analysis the results obtained 
were: 8, 3.93; cystine, 6.94 (cystine 8, 1.85). Both the original 
and the reprecipitated protein, though differing in total 8, con- 
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tain approximately twice the amount of sulfur as corresponds to 
the cystine sulfur. 


Solubility and Flocculation 


All the proteins described above are insoluble in water and re- 
semble casein or denatured proteins. The dry proteins can best 
be dissolved in weak alkalies by grinding in a mortar with NagCO; 
or NaHCO. In dilute NaOH they dissolve readily, but lose sul- 
fur. When the filtrate of wool dissolved in NaS is dialyzed di- 
rectly for several days, the protein remains in solution, but it is 
precipitated by a trace of acetic acid. Among the dry proteins, 
the cyanide preparation dissolves most readily. 

The isoelectric points were estimated by the method of Michaelis 
and Rona (14). The dry proteins were ground with NaCO; and 
water, and filtered, so that the solution was 0.1 m in NazgCO, and 
0.5 per cent in protein. To a series of test-tubes 1 cc. of protein 
solution and increasing amounts of acetic acid were added, so cal- 
culated that all the tubes had a total volume of 10 cc. and an 
arithmetical series of pH differing by 0.3 pH. The optimum of 
flocculation was taken as the isoelectric point, and its pH and that 
of the adjoining tubes was determined with the glass electrode. 
The results obtained are tabulated among the analyses above. 
The isoelectric points for these protein preparations are slightly 
lower than the isoelectric point of native wool. Speakman (15) 
and Eléd and Silva (16) by independent methods obtained the 
values of 4.8 and 4.9. 


Digestion by Trypsin and Pepsin 


Trypsin, purified by the method of Anson and Mirsky (17), was 
added to suspensions of the proteins in bicarbonate buffers at pH 
of 8.5 to 8.8, and maintained at 37°. Samples were withdrawn 
and precipitated with sulfosalicylic acid. The controls showed 
complete precipitation, and practically all of the nitrogen was 
in the precipitate. The digestion series showed progressively less 
precipitation, and after 2 hours 90 to 95 per cent of the nitrogen 
was in the filtrate. All of the proteins described above are di- 
gested by trypsin, and the thioglycolic acid preparation is digested 
when it is either in the sulfhydryl or the disulfide state. 

The dry proteins were suspended in dilute HCl, pepsin was 
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added, and the mixture had a pH of 1.30. The suspensions, main- 
tained at 37°, gradually became clear due to digestion by the pep- 
sin. These solutions remained clear upon the addition of sulfo- 
salicylic acid. Nitrogen determinations on the filtrates of control 
showed practically complete precipitation, and on the digestion 
series about 80 per cent digestion. All the proteins described 
above were similarly digested, and the state of the proteins as 
sulfhydryl or disulfide did not affect the result. 


DISCUSSION 


The keratins and fibroin are similar in their insolubility in the 
usual protein solvents, and in their indigestibility by pepsin and 
trypsin, but that they are essentially different in structure is shown 
by the agents which bring about their solution. Fibroin, though 
not soluble in water, dilute acids, or alkali, is easily dissolved in 
concentrated solutions of certain neutral salts such as calcium sul- 
focyanate or lithium iodide (18) and also in cold concentrated hy- 
drochloric acid. These solutions can be easily reprecipitated, and 
the precipitate shows a fibrous structure. Wool cannot be dis- 
persed' in any of those solvents that act on silk, but it can be 
readily dissolved in a series of agents that split the disulfide bond, 
as alkaline solutions of sodium cyanide, sulfide, and thioglycolate. 
These solutions do not dissolve silk in a perceptible degree. The 
protein, reprecipitated from a solution of wool in one of these 
agents, is never fibrous but amorphous. 

These properties are in good agreement with the known differ- 
ences in chemical composition and structure of these two classes 
of proteins. The x-ray diffraction studies of Brill (19) and Meyer 
and Mark (20) show that fibroin consists of fully extended poly- 
peptide chains, and these chains must be oriented parallel to each 
other chiefly by residual forces for fibroin contains no cystine and 
but very little diamino and dicarboxylic acids. The regularity of 
the fully extended chain of amino acids in silk seems to be sufficient 


'Von Weimarn claims that wool can be dispersed in a concentrated 
boiling solution of calcium or lithium sulfocyanate at 180°. It is true that 
the wool dissolves very slowly, but the solution becomes alkaline and the 
presence of sulfides can be demonstrated. So the action can be best inter- 
preted as a dissolution by alkaline sulfides formed from the slow decom- 
position of sulfocyanate. 
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to bring about a tight fiber structure, without lateral chemical 
links, but this is not the case in the keratins. The x-ray studies 
of Astbury (21) on mammalian hairs have shown that these pro- 
teins are crystalline with partially contracted polypeptide chains. 
Speakman (22) has pointed out the importance of the lateral links 


between parallel polypeptide chains, the bond of the disulfide’ 


group of cystine, and the polar link of diamino and dicarboxylic 
acids. The stability of the keratin molecule depends on these 
bonds. Once these two types of bridges have been broken by 
chemical attack, the keratins behave in their solubility and digesti- 
bility by proteolytic enzymes as denatured proteins. 

The sulfhydryl protein, produced by the action of thioglycolic 
acid on wool, can be reoxidized to the disulfide state by air, in 
moderately alkaline solution, or by hydrogen peroxide. The re- 
oxidized protein, in spite of its disulfide bonds, is still soluble in 
alkali, is enzyme-digestible, and has about the same isoelectric 
point. In the reoxidation of the sulfhydryl protein, the original 
crystalline pattern is not reformed, the disulfide bonds are no 
longer rungs of a ladder connecting parallel polypeptide chains. 
This shows that though the disulfide bond is essential for the prop- 
erties of native keratin, these properties cannot be ascribed to the 
purely chemical character of this group. It is the physical pattern 
of the keratin, with a definite spatial arrangement of peptide 
chains and disulfide bonds, which imparts to keratin its resistance 
to enzyme hydrolysis and dissolving agents. 

Mention should be made of the fact that all of the agents used 
to dissolve wool require a higher alkalinity than to reduce a simple 
disulfide such as cystine. The pH used is never high enough to 
dissolve wool of its own accord in a comparable time, yet the neces- 
sity of a distinctly alkaline reaction is striking and demands an 
explanation. 

The following hypothesis may be offered. The cross links be- 
tween peptide chains in keratin are of two kinds, disulfide links 
and bridges formed by the electrostatic attraction of the NH;* 
group of the diamino acids for the COO~ group of the dicarboxylic 
acids. These salt-like bridges will be broken in alkaline solution 
by removal of a proton from the amino group. It appears that it 
is necessary to open these links before the disulfide groups may be 
reduced. 
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SUMMARY 


Keratin dissolves in NagS, KCN, or thioglycolic acid at alkaline 
reaction. This effect is chiefly due to the splitting of the disulfide 
groups, which are essential for the maintenance of the fibrous 
structure of keratin. Chemically, the action of thioglycolic acid 
is the simplest ; it simply reduces the disulfide to sulfhydryl groups 
with no other appreciable chemical change. The other reagents 
act in a more complicated way. The substances thus obtained 
are proteins. They are soluble in alkali or acid, with a definite 
isoelectric point, and they are digestible by pepsin and trypsin, 
even when secondarily the —SH group has been reoxidized to the 
—SS— stage, or when due to secondary reactions the sulfur con- 
tent has been greatly changed. 


Appendix 


Test for Thioglycolic Acid—In order to test whether the protein 
prepared with thioglycolic acid is completely freed from this acid 
the following test was applied. A suspension of the protein in 
sodium pyrophosphate solution is mixed with a drop of a 1 per 
cent solution of cobalt sulfate. Any trace of free thioglycolic acid 
will develop, either immediately or after some time, on exposing 
the mixture to the air, a brown color. The sulfhydryl protein 
does not give this test, although it gives a positive nitroprusside 
test which is common for all sulfhydryl compounds. This test is 
based on the formation of strongly colored cobalti complexes of 
thioglycolic acid according to Michaelis and Schubert (23). The 
smallest amount of thioglycolic acid giving a distinct positive test 
in a volume of 1 cc. is approximately 0.05 mg. The oxidized form 
of thioglycolic acid, dithiodiglycdlic acid, can be tested for with 
the same reagent, adding besides some Na,SO; which reduces the 
disulfide to the sulfhydryl compound. 
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TRYPTOPHANE METABOLISM 


VII. GROWTH AND KYNURENIC ACID PRODUCTION ON AMIDES 
OF /-TRYPTOPHANE* 


By LYLE C. BAUGUESS anp CLARENCE P. BERG 
(From the Biochemical Laboratory, State University of Iowa, Iowa City) 
(Received for publication, May 21, 1934) 


Comparisons between the metabolism of free amino acids and 
the metabolism of amino acids in which either the amino or the 
carboxyl group has been blocked by a substituent radical provide 
information concerning the nature and specificity of body cleav- 
ages. Most studies of this type recorded in the literature have 
considered only derivatives in which the radical is substituted in 
the a-amino group. A few metabolism studies have been made 
on amino acid esters. Berg, Rose, and Marvel (1929-30) reported 
that the nutritive value of /-tryptophane is not impaired by ester- 
ification with ethyl alcohol. Likewise, the benzyl and pheny! 
ester hydrochlorides of l-tryptophane (Berg and Hanson, unpub- 
lished data) effectively replace l-tryptophane in supporting growth 
when fed in conjunction with a tryptophane-deficient basal diet. 
Also in the case of the ethyl ester hydrochloride of /-tryptophane, 
the substituent radical does not prevent the production of kynu- 
renic acid in the rabbit (Berg, 1931). 

So far as we are aware, no similar experiments on amino acid 
amides have been made. Numerous in vitro studies (e.g. Balls and 
Kohler, 1930-31) indicate that peptide-splitting enzymes vary 
considerably in specificity, some apparently requiring the presence 
of a free amino group in the peptide substrate, others the presence 


* A portion of this communication was presented before the American 
Society of Biological Chemists at New York, March 30, 1934 (J. Biol. 
Chem., 105, viii (1934)). 

The experimental data are taken from a dissertation submitted by 
Lyle C. Bauguess in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy in Biochemistry in the Graduate College of the 
State University of Iowa. 
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of a free carboxyl group, and still others neither a free amino nor a 
free carboxyl group. Balls and Kéhler (1930-31, a) have shown 
that the cleavage of “‘aniline peptides” by intestinal erepsin is in- 
fluenced by substituent radicals in the aromatic nucleus, appar- 
ently because of their effect on the acid character of the imide 
group of the peptide linkage which they believe to be a point of 
attachment for all peptidases (1930-31, b). Bergmann, Zervas, 
Schleich, and Leinert (1932) have found that d-alanyl-l-proline 
and glycyl-l-proline, which may be regarded as tertiary amides of 
alanine and glycine, can be split by the aminopolypeptidase, but 
not by the proteinase or dipeptidase fractions of erepsin. These 
are only a few examples from a host of experiments bearing upon 
the effect of chemical structure on in vitro enzymolysis. 

The study of the cleavage of free and substituted amino acid 
amides in the animal body is essentially a study of the collective 
ability of the enzymes coming in contact with such amides under 
body conditions, to hydrolyze them. The availability of an amide 
of tryptophane as a supplement in a tryptophane-deficient diet for 
growth purposes in the rat would imply the ability of that animal 
to hydrolyze the amide. The formation of kynurenic acid in the 
rabbit would possess the advantage of indicating whether large 
quantities of the compound could be split readily; subcutaneous 
administration in such studies would serve to exclude the action 
of the enzymes of the alimentary tract. Accordingly, we have 
used both growth and kynurenic acid production as criteria in 
studying in vivo cleavage of the unsubstituted and the ethyl- and 
diethylamides, as well as of the unsubstituted and the N-ethyl- 


anilides of tryptophane. 
EXPERIMENTAL 


The compounds used were all prepared in this laboratory. The 
tryptophane was obtained from casein according to the method 
of Cox and King (1930). It was converted to the amide by pre- 
paring the hydrochloride of tryptophyl chloride, essentially as 
directed by Abderhalden and Kempe (1927), and treating the 
latter with the appropriate amine as outlined below. 

The hydrochloride of tryptophyl chloride melted at 230° (un- 
corrected) with gas evolution. Analysis showed 27.05 per cent 
chlorine. Abderhalden and Kempe report 228° and 26.71 per 
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cent, respectively. The theoretical chlorine content is 27.38 per 
cent. 

In the synthesis of the amides, 0.04 mole of the hydrochloride 
of tryptophyl chloride (10.36 gm.) was suspended in 80 cc. of 
anhydrous ether or chloroform in a reaction vessel cooled in an 
ice-salt bath. 0.12 mole of the appropriate amine was added 
slowly and with vigorous stirring, after which the reaction flask was 
stoppered and placed in the refrigerator overnight. The reaction 
mixture was then concentrated in vacuo, the residue dissolved in a 
minimum amount of hot methyl alcohol, and treated with bone- 
black three times. The chloride content of the methyl alcohol 
solution was determined and the calculated amount of 2 n NaOH 
added to neutralize the HCl. The bulk of the NaCl was removed 
by concentrating to dryness in vacuo, dissolving the major portion 
of the residue in hot absolute methyl alcohol, and filtering. The 
product was further purified through the mercury salt. Sufficient 
1:3 H,SO, was added to the methyl alcohol solution to make the 
concentration of H,SO, 7 per cent by volume. This was followed 
by the addition of 500 cc. of a 10 per cent solution of mercuric 
sulfate containing 7 per cent of sulfuric acid. The yellow precipi- 
tate was filtered and washed free of chlorides, with a 1 per cent 
solution of mercuric sulfate in 5 per cent sulfuric acid, and of excess 
H.SO,, with water. The free amide was obtained from the mer- 
curic sulfate complex by suspending the latter in water, rendering 
alkaline to phenolphthalein with a hot saturated solution of ba- 
rium hydroxide, and decomposing by passing in a stream of hydro- 
gen sulfide while stirring. The mercuric sulfide-barium sulfate 
precipitate was filtered off, washed twice with small portions of hot 
water, and discarded. The combined washings and filtrate were 
freed of barium ion by the careful addition of cold dilute H,SO,, 
the BaSO, removed by filtration, and the filtrate concentrated to 
dryness in vacuo. The residue represented the free amide. It 
was again taken up in absolute methyl alcohol, filtered, and the 
filtrate evaporated to dryness. 

The properties of the several amides thus prepared are summa- 
rized in Table I, together with those of the tryptophane used. 

The average yields varied from 48.9 per cent of the calculated 
amount for tryptophaneethylamide to 72.0 for the tryptophane- 
ethylanilide. All of the amides were soluble in water and methyl! 
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and ethyl alcohol. They responded to the Hopkins-Cole, but 
not to the bromine water, test for tryptophane. 

Growth Studies—The compounds were tested from the stand- 
point of growth and kynurenic acid production. In the assay for 
growth-promoting ability, they were incorporated in a trypto- 
phane-deficient basal diet which consisted of acid-hydrolyzed 
casein (see Berg and Rose, 1929) 14.7, cystine 0.3, starch 39.5, 
sucrose 15, Crisco 19, cod liver oil 5, salt mixture (Hawk and Oser, 
1931) 4.5, and agar 2 percent. The tryptophane or amide supple- 
ment supplanted an equal weight of hydrolyzed casein. The diets 
were fed ad libitum. Vitamin B complex was supplied daily in the 
form of pills containing 200 mg. of yeast' and 100 mg. of starch. 


TABLE I 
Physical and Chemical € onstants of L-Tryptophane « and l-Tryptophaneamides 








| le], Nitrogen 




















| Melting . 
Com d (2 per cent | 
a _Cormeted in eth Found | Calculated 
alcohol) — = 
rie ‘a af mi t = = a ont | per cent 
l-Tryptophane.. | 278 —33.4*| 13.70 13.72 
Tryptophaneamide. . 167-170 | -—7.9 | 20.54 20.69 
Tryptophanemonoethylamide ier 67-69 —14.4 18.14 18.18 
aa eta on ga .| 183-185 | —24.7 16.22 16.21 
Tryptophaneanilide. . sr wlleds Lal 83-85 | —9.5 | 15.00 15.05 
Tryptophaneethylanilide.. 7, | 97-99 | -4.2 | 13.69 g 13.68 





*0.5 per cent solution i in 1 water. 


Five litter mate rats were used in the test on each compound, two 
serving as control, and three as experimental animals. One rat 
received a diet containing 0.2 per cent of tryptophane, a second 
animal received no tryptophane, and the other three received the 
appropriate amide in an amount equivalent to 0.2 per cent of 
tryptophane. 

Representative growth curves of the experimental and of the 
control animals are shown in Chart I, individual growth and food 
consumption data in Table II. A comparison of growth rates 


1 The yeast was kindly supplied by the Northwestern Yeast Company, 
Chicago. 
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and food consumption of the rats receiving the amides with those 

of the rats fed tryptophane reveals no significant differences. 
Kynurenic Acid Studies—The technique employed in testing the 

tryptophane amides for kynurenic acid production has been dis- 





CHART I 
GROWTH ON 


TRYPTOPHANE AMIDES 
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Cuart I. Each curve represents the growth of one of three or more 
animals receiving the same diet. Curve A represents no supplement; 
Curve B, l-tryptophane, 0.2 per cent; Curve C, l-tryptophaneamide, 0.199 
per cent; Curve D, l-tryptophaneethylamide, 0.226 per cent; Curve E, 
l-tryptophanediethylamide, 0.254 per cent; Curve F, l-tryptophaneanilide, 
0.269 per cent; and Curve G, /-tryptophaneethylanilide, 0.301 per cent. 
Initial and final weights are given in parentheses. 

















cussed elsewhere (Berg, 1931) in detail. Briefly, each of the 
amides was administered to male rabbits (either orally or subcu- 
taneously) as the hydrochloride, and the kynurenie acid was iso- 
lated from the urine of the following 24 hours according to the 
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Capaldi (1897) procedure. The kynurenic acid precipitate was 
washed with water-saturated butyl alcohol to remove any co- 
precipitated derivative. During the period of study, the rabbits 


TaBLe II 


Food Consumption and Body Weight Changes on a Tryptophane-Deficient 
Diet Supplemented with Tryptophaneamides 

















| Average daily | 
Rat No. |__ Total cha: . 
—— om Change in | Food con- ia weight’ Supplement 
weight sumption 
gm. gm. gm. 
1559 +1.19 | 7.9 | 468 | ‘Teyptophens 
1529? +0.98 | 7.9 | +78 Tryptophaneamide 
153 9 +1.20 | 7.8 +96 - 
1540" +1.23 | 7.8 | +98 as 
151c"t —0.33 | 3.0 —8 None 
1607 +1.34 8.0 | +107 Tryptophane 
1570" +1.23 | 7.9 +98 Tryptophaneethylamide 
158 9 +1.25 | 7.6 | +100 = 
1590" +1.28 | 7.7 +102 | . 
1567" O66 | 30 | —13 None 
1650" +1. | 7.4 | +96 Tryptophane 
162¢ +1.36 | 7.5 | +109 Tryptophanediethylamide 
163 9 +1.31 | 7.8 | +105 we 
1649 +1.30 %.7 +104 = 
1619 —0.13 2.8 | —10 None 
1709 +1.45 7.7 +116 Tryptophane 
167 9° +1.44 7.6 +115 Tryptophaneanilide 
168" +1.40 7.8 | +112 - 
199 «| 41.33 | 76 | +106 “ 
166¢° —0.04 2.7 —3 None 
175¢ +1.45 7.2 | +116 Tryptophane 
1720 +1.44 , 7.3 | +115 Tryptophaneethylanilide 
1739 +1.36 7.3 +109 ™ 
1740 +1.28 | 7.4 | +102 * 
719 || -0.09 | 2.7 | —7 | None 


* All supplements were equivalent to 0.2 per cent of tryptophane. 
+ Rat 151 died at the end of 24 days. 


were housed in individual metabolism cages and given water and 
oats ad libitum. The compounds were administered every 3rd 
day. All 24 hour urines, whether collected for control or experi- 
mental periods, were analyzed according to the routine procedure. 
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The results of the experiments appear in Tables III and IV. 
The amounts of precipitate obtained following the oral or subcu- 
taneous administration of the tryptophane derivatives were not 
significantly different from those secured after the administration 
of the free /-tryptophane in equivalent amount. Without excep- 
tion, the precipitates melted between 250-252° and 268-272° (un- 
corrected) and showed melting points intermediate between these 














Tas_eE III 
Kynurenic Acid Elimination Following Subcutaneous Administration of 
Trypltophaneamides 
Kynurenic acid 
precipitate ne wash- 
L wr : —_ . 
Day | See. butylaloohol | Tryptophan or amide (adminintered in 3 caval 
Rabbit 5 c’,|Rabbit 6’, 
2.5 kilos 2.6 kilos 
gm. gm. 
1-2 0.0027 | 0.0023 
3 0.2406 | 0.2576 1 gm. of I-tryptophane 
4-5 0.0021 | 0.0026 
6 0.2303 | 0.1712 0.995 gm. of tryptophaneamide 
7-8 0.0030 | 0.0019 
9 0.2501 | 0.2763 1.132 “ “ tryptophanemonoethylamide 
10-11 | 0.0023 | 0.0019 
12 0.2671 | 0.1848 1.270 “ “ tryptophanediethylamide 
13-14 0.0013 | 0.0016 
15 0.2099 | 0.2348 1.505 “ “ tryptophaneethylanilide 
16-17 0.0049 | 0.0058 
18 0.2670 | 0.2341 | 1.367 “ “ tryptophaneanilide 
19-20 | 0.0038 | 0.0006 | 








* Each dose was equivalent to 0.5 gm. of tryptophane. 


and that of partially purified kynurenic acid (m.p. 275°) when 
previously mixed with the latter. The Jaffe (1882-83) test was 
positive in each case. Kynurenic acid, isolated under similar 
conditions following tryptophane administration, usually melts 
in the same range (around 260°, uncorrected). There can be little 
doubt, therefore, that the substance isolated was kynurenic acid. 
Hopkins-Cole tests on the urines following the subcutaneous 
administration of the amides were all negative, indicating com- 
plete catabolism of the compounds. After oral administration, 
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the tests were positive. Since the slower absorption following oral 
administration should favor, rather than hinder, the metabolism 
of the amides, one can hardly ascribe the color produced to them 
or to tryptophane. It must be due, rather, to other indole deriva- 
tives produced from them by intestinal bacteria, substanees which 
are absorbed, but being catabolized with difficulty, are conse- 
quently excreted in the same or in some modified form. 


TaBLe IV 


Kynurenic Acid Elimination Following Administration of Tryptophane- 
amides by Stomach Tube 





te area all 
| Kynurenic acid | 
precipitate oer wash- | 
ing wit | : a . 
} l-Tryptophane or amide (administered in 2 equal 
Day | Ses. butylateshel | doses, 9 hrs. apart, as hydrochloride)* 














‘Rabbit 7, |Rabbit 8 7, 

| 2.7 kilos 2.6 kilos 
1-2 | 0.0028 | 0.0041 
3 | 0.2474 | 0.2020 1 gm. of l-tryptophane 
4-5 0.0035 | 0.0064 
6 | 0.2833 | 0.2142 | 0.995 gm. of tryptophaneamide 
7-8 | 0.0018 °| 0.0027 
9 0.2485 | 0.1639 1.132 “ “ tryptophanemonoethylamide 
10-11 0.0011 | 0.0023 
12 0.2341 | 0.2009 1.270 “ “ tryptophanediethylamide 
13-14 | 0.0027 | 0.0018 
15 0.2419 | 0.1645 1.505 “ “ tryptophaneethylanilide 
16-17 | 0.0039 | 0.0039 
18 0.2009 | 0.2178 1.367 “ “ tryptophaneanilide 
19-20 | 0.0020 | 0.0043 





* Each dose was equivalent to 0.5 gm. of tryptophane. 


Obviously, from the growth and the kynurenie acid studies, all 
of the amides undergo ready cleavage in the animal organism. In 
the rabbit, such cleavage is as readily effected when the compound 
is introduced subcutaneously as when it is given orally. 


SUMMARY 


The free amide, the ethylamide, and the diethylamide, as well 
as the free anilide and the N-ethylanilide, of tryptophane have 
been prepared and tested for in vivo cleavage by feeding them 
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to rats as supplements in a diet deficient in tryptophane, and by 
testing them for kynurenic acid production in the rabbit. All 
readily support growth and undergo conversion to kynurenic acid. 
Apparently the primary, secondary, or tertiary nature of the 
amide does not of itself influence the cleavage of the amide in vivo. 
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EXTRACTION STUDIES ON THE ADRENAL CORTICAL 
HORMONE 


I. METHODS OF PREPARATION* 
By J. J. PFIFFNER, HARRY M. VARS, ann A. R. TAYLOR 


(From the Biological Laboratory, Princeton University, Princeton) 


(Received for publication, June 13, 1934) 


A method of extraction for the adrenal cortical hormone was 
described some time ago (1, 2). In this early work the length of 
the survival period of the adrenalectomized cat served as the 
biological criterion of physiological potency. Some further ob- 
servations on extraction technique and chemical properties of 
the hormone were made, the relief of the symptoms of adrenal 
insufficiency in the same species being used as a guide (3). Nei- 
ther of these biological criteria was satisfactory from a chemical 
standpoint, since the results obtained had only a qualitative 
significance. The development of a method of assay based upon 
the minimum maintenance requirement of the adrenalectomized 
dog (4) made it possible to obtain quantitative information con- 
cerning the preparation of the hormone. These quantitative data 
are summarized in this report. 

Method of Assay—The dog method of assay was used (4). De- 
tails of the technique as employed in this laboratory have been 
reported (5). The aninmials were standardized against a single 


* This investigation was supported by a grant from the Josiah Macy, Jr., 
Foundation. 

We wish to express our appreciation to the management and research 
staff of Parke, Davis and Company for their generous cooperation. 

An abstract of a portion of these data was read before the American 
Society of Biological Chemists at Philadelphia, April 28-30, 1932 (Pfiffner, 
J. J., Vars, H. M., Bott, P. A., and Swingle, W. W., J. Biol. Chem., 100, 
Ixxviii (1933)). 
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TABLE | 


Yield of Cortical Hormone Obtained from Beef Adrenal Glands 








626 
Experi- S i erial : rvethod o 
ment Starting nn ete method of 
1 Dissected cortex 
2 “ “ 
3-a “ “ 
3-b | Medulla 
3-c | Whole gland 
4 es ae 
5 Chilled and packed in ice | 
24 hrs. | 
6 Frozen 30 days at —5' 
7 - 6 mos. “ —5‘ 
8 “* and packed in dry 
ice 3 days 
9 Autolyzed 48 hrs. at room | 
temperature (23°) 

10), | Ethyl alcohol 

11 |) 7 + 0.25% 
acetic acid 

12|| | Ethyl alcohol + 0.5% 
acetic acid 

13} Ethyl alcohol made 0.08 n 
with H,.S0, i 

14 Ethyl aleoho) made 0.08 n | 
with H.SO, (neutralized 
before distillation) 

15 Kutz (6) 

16 Kendall et al. (7, 8) 

17 Gland residue from stand- | 
ard method extracted 
by Kendall’s method 

18 Aqueous residue from 
standard method ex- 
tracted by Kendall’s 
method 

19 Neutral acetone § 

20 Grollman and Firor (9) 








Assay results 


dog units 


> 300 
> 2640 
>3330 


> 2000 
> 1700 
> 1500 
> 1000 
> 2000 


> 1000 


> 1700 
> 1000 


>125 
>750 


>50 


> 1000 
>500 


< 400 
<3300 
< 5500 


<500 | 


<2900 


<2700 | 


< 3000 


<2000 
<3000 


<2000 | 


<2700 
< 2000 


< 1000 


<750 


Yield per kilo tissue 


'<1000 


<1500 | 


<250 
<1500 
<100 


<100 


<2000 





| 


<1000 | 


| 


Average 


dog units 


350 | 





1500 


2200 | 
1500 


615 | 
1125 


187 
1125 
<100 


75 


1500 





Dog 
units 
Hrae- | Vactive 
| weight | fraction 
mg. 
80 4 
73 | 39 
8 | 88 
80 | <6 
50g | 42 
59 37 
60 | 37 
63 | 24 
55 | 45 
42 | 36 
59 37 
80 19 
133 <8 
242 | <3 
38 30 
200§| <1 
395§ | <3 
88 <2 
106 | <1 
100 | 15 
1608 | <5 





750 


Se 





* 4 kilos of glands were used as the starting material in each experiment. 
Our standard method of extraction referred to in the text was used with the 
modifications or exceptions noted. 
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TasBLe I—Concluded 


¢ Calculated from the yields and relative weights of cortex (73 per cent) 
and medulla (27 per cent). 

t The results recorded are the averages obtained from three experiments 
in which glands collected at various times during a 6 month interval were 
used. The respective average yields were 2250, 2400, and 2750 dog units. 
The fraction weight ranged from 50 to 67 mg. 

§ The active fractions obtained in Experiments 4, 15, 16, and20 from 1 
kilo of whole beef adrenals contained 0.01, 0.10, 0.02, and 0.10 mg. of 
adrenalin, respectively. The adrenalin was determined by bioassay (blood 
pressure reaction in anesthetized dog). 

|| The yields of adrenalin obtained in Experiments 10, 11, 12, and 13 were 
as follows: 0.14, 0.18, 0.19, and 0.22 per cent. 

{ Tissue extracted for 24 hours with 2.5 volumes of acetone; extractives 
fractionated by standard method. 


preparation of hormone. The error of determination under the 
conditions employed is approximately +25 per cent. 

Source of Glands—Beef adrenals were used. In the early work 
the glands were received in the laboratory packed in ice on the 
day following collection at the abattoir. Later the glands were 
collected at the abattoir for a period of several days, frozen, and 
shipped to the laboratory packed in dry ice. 

Methods of Extraction—4 kilos of glands served as the starting 
material in each experiment with the exception of those in which 
dissected cortex or medulla was employed. 3 kilos of dissected 
cortex and 1 of dissected medulla were used. The method of 
extraction employed unless otherwise specified was that described 
earlier (2, 3). 

Relative Yield from Cortex, Medulla, and Whole Gland—The first 
assays of dissected cortex extract prepared in this laboratory were 
carried out at the Johns ‘Hopkins Hospital by Drs. Harrop and 
Weinstein. Their assays showed a yield of 200 to 300 dog units 
per kilo of cortex (4). When assay work was started in this lab- 
oratory in the fall of 1931, their results were confirmed (Experiment 
1, Table I). Further work showed that whole gland extracts had 
from 5 to 10 times this activity, which seemed to indicate the 
possible presence of a high concentration of hormone in the me- 
dulla. In Experiment 3, 4 kilos of whole gland were dissected 
and the medulla and cortex extracted separately and assayed. In 
this, as well as in all later experiments, dissected cortex yielded as 
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much hormone as whole gland.’ We are unable at the present 
time to offer an explanation for the differences in yield obtained 
from dissected cortex. Both the technique of extraction and 
assay were, so far as we are aware, held constant. 

No significant variation could be detected in the yield of hor- 
mone obtained from glands collected during the various seasons 
of the year. 

Effect of Previous Handling of Glands—The necessity of great 
precaution in handling the adrenal glands prior to extraction has 
been emphasized by various workers. Data are presented on the 
yield obtained from glands handled in a variety of ways. Glands 
can be frozen for prolonged periods without an appreciable effect 
on the yield. Tissue frozen for 6 months assayed 1500 dog units 
as compared to 2200 dog units for recently collected material. 
The good yield of hormone from autolyzed material is particularly 
interesting in view of the extensive precautions taken by Grollman 
and Firor (9) to avoid the destructive influence of enzymatic proc- 
esses in the cell. 

Desiccated whole adrenal gland has long been used orally in 
the treatment of various types of adrenal deficiency. The 
beneficial effect observed by many investigators must have been 
due to some substance other than the cortical hormone, since the 
yield of hormone from whole adrenal glands desiccated at a low 
temperature is less than 250 dog units per kilo of fresh whole 
gland. 

Efficiency of Extraction Procedure—The magnitude of the losses 
encountered in the various steps is presented in the accompanying 
diagram. The major portion of the hormone is readily extracted 


1 A sample of the whole gland extract prepared in Experiment 4 (Table I) 
was submitted to Dr. G. A. Harrop of the Johns Hopkins Hospital for assay 
in March, 1932. He reported (private communication) a yield of approxi- 
mately 2000 dog units per kilo of gland. A sample was also submitted to 
Drs. Oliver Kamm and N. North of the Research Laboratories of Parke, 
Davis and Company for assay on their colony of adrenalectomized dogs. 
They found the yield to be greater than 1000 dog units per kilo of gland but 
did not carry the assay further (private communication). Hence the high 
yield of hormone obtained by whole gland extraction was confirmed on three 
different groups of adrenalectomized dogs in as many laboratories. In 
every instance the yield was found to be many times (5 to 10) greater than 
that obtained previously from dissected cortex. 








Flaw Sheet of Fractionation Procedure for Preparation of Adrenal Cortical Hormone with Fraction Weights and Losses 





(pavostp ‘aA1Z08UT) WOTZOBIJ B]qNOSUT-1098 MA sz1uN Zop Oo0e-000Z ‘uF pO'O ‘UO1ZORI BTGNOS-1038 


L 


T 


OUIN[OA Pallsep 04 F4ZNOIg pus ‘poppe 1948M ‘pezeIyUZDUOD 
(psvostp) worjov1y poqsospe-z1ynULI9g "wd 1° ‘27813]14 


L J 


q1gnuised ‘a3 OT YSno1y} pose} [ty | 
\ "WIS HO ‘UOT}OVIy BIQN]OS-joOYOI |B yus0 19d Q7 
\ dhead 
\ 19430 uinajo1jzed pus joyools 
~~, queo Jed 92 u990M40q 901M4 paT0!zIy 
-wi3 f°] ‘ulpeuerpe \ uonavay \. -1ed 0014981j pu’ PeaouIal au0JOV 
-— a epnid jo ‘dq \ per » 4 "m3 g ‘S9A1}9814x9 = tai 


T 

















HO'’HN 4314 “4dd pus 193;17 | 901M} 904908 Y4IM 49BI}XO PUB 9UdZUOG BAOTIOY 
s}1un Zopo¢> OT< onprsel ~~ "wid ¢z ‘UOT}OBIJ os Poa 
auezueq JO QUINOA [eNbe Y4LM SOUT} C 4981ZX9 PUB BUINIOA CO'( 0} aqvsquaouog | ; 
s}7un Sop cz > (pavostp) a onset, 8}1UN Bop OOF> 00Z< 398199 d1[OYooTy 
J 
sfep J-z ‘Joyoo|s 4ued 10d 0g 81041] Z | 
eNpIsel onssty, 99814X9 9T}OYOOTY 





| 
= 
a 
i) 
BH 
a) 
= 
3S 
5 
> 
he 
5} 
= 
& 
P= 
Qu 








skep 
7 LZ’ [o4oo\8 We sed Gq ssroy Sy 40} shUp J-z ‘JoyooT" yuo sad ecsiontt ¢°2| 
OTP T ‘Teuerps yooq a7o4 
daig yang 70 pasaqunooum 
so8so'7 pun 8746194 U01~D4y YIU BUOWLOF] 1091}409 Joursspy fo uonvsvdasg sof ainpr2047 UuorjpuorsDpsig fo 204g MD) Yq 








ae « 2 S23 2S SB Bet hPa fs fg ces @G&e & ® mm eorcm > Sp 0 - i ad r  ee 


nt 


630 Preparation of Adrenal Hormone 


with a single alcohol treatment. An additional 300 dog units 
can be obtained with a second alcohol extraction. A negligible 
amount of hormone remains in the gland tissue after two such ex- 
tractions. The alcohol extracts are concentrated about 20 times. 
The exact degree of concentration is of no particular consequence, 
since the hormone is readily extracted from the concentrate with 
benzene, even though as much as 20 per cent of alcohol is present 
in the concentrate. On extracting the concentrate with benzene, 
emulsions are formed which break slowly. This emulsion forma- 
tion is an advantage, since the interface of the two phases is 
increased tremendously over periods of hours without repeated 
shaking. As the benzene extraction proceeds, the tendency to 
form emulsions becomes less. 8 to 12 hours are allowed for the 
separation of the two ‘phases. After five berizene extractions 
very little if any emulsion remains. The aqueous residue, in- 
cluding the small amount of emulsion, retains only about 30 dog 
units of cortical hormone. All of the hormone is readily extracted 
from the benzene-soluble fraction with two acetone treatments; 
the first acetone extraction is carried on by rubbing and allowing 
the material to stand overnight in the refrigerator. The lipid 
mass becomes friable and can be transferred readily to a mortar 
for the second extraction. This step effects a 4-fold concentration 
of activity. In the early work the acetone-soluble fraction was 
distributed four times between 70 per cent alcohol and petroleum 
ether. Less than 100 dog units are lost in two distributions, with 
proper technique. The activity is concentrated about 15 times. 
A 4-fold concentration is effected by permutit filtration with no 
loss of hormone. The final water-soluble fraction constitutes 
about 50 per cent of the fraction passing through the permutit 
filter. It varies considerably in weight in different preparations, 
ranging from 30 to 60 mg. per kilo of gland. This depends upon 
the length of time taken for the original alcohol extraction. 

The mechanical losses in the various fractionation steps total 
about 300 dog units, with a yield of 2000 to 3000 dog units per 
kilo. 75 per cent of hormone added to inactivated adrenal ma- 
terial can be recovered. Recovery experiments were carried out 
as follows: 4 kilos of glands were extracted twice with alcohol as 
usual. The alcohol extracts were fractionated as indicated in the 
flow sheet. All the discarded fractions were saved, combined, and 
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inactivated in a boiling water bath for 5 hours. This inactivated 
material was added to the thoroughly extracted tissue. To this 
gland mixture, which represented adrenal starting material minus 
the cortical hormone as closely as it could be reproduced, was 
added a definite number of dog units of cortical hormone and the 
mixture subjected to the complete fractionation procedure. In 
the first experiment 176 mg. of a fraction containing 6800 dog 
units were added and a fraction weighing 160 mg. and containing 
5000 dog units recovered. In the second experiment 8000 dog 
units were added and 6000 dog units recovered. 

Stability of Hormone in Various Stages of Extraction—Consider- 
able emphasis has been laid by some workers on the necessity of 
very rapid extraction of the hormone from the gland. Ground 
glands can be stored in 2.5 volumes of 95 per cent alcohol for 3 
weeks at room temperature with no appreciable loss in activity. 
However, the yield is less than 500 dog units after a 10 week period. 
The benzene-soluble fraction can be stored at room temperature 
for 11 weeks without loss of activity. The permutit-purified frac- 
tions preserved in 95 per cent ethyl alcohol at 6° for 24 years still 
retain their initial activity. The finished aqueous extracts, if 
preserved with 0.1 per cent benzoic acid,? are equally stable. The 
pH of these aqueous solutions is usually between 4.0 and 5.5. 

In the several fractionation steps involving concentration of 
relatively large volumes such concentration has been effected by 
distillation under reduced pressure at an external bath temperature 
of 45-55°. The permutit-purified fraction can be refluxed in 95 
per cent alcohol for 20 minutes without loss of activity, while no 
deterioration occurs in aqueous solutions of the permutit-purified 
fraction when held at 80° for the same length of time. 

Influence of Acid Extraction on Yield—The effect of acid was 
studied in an effort to increase the yield of adrenalin reclaimable 
as a by-product. The results obtained with acetic and sulfuric 


? The use of benzoic acid as a preservative for aqueous solutions of the 
hormone was suggested by Dr. Oliver Kamm. 

3 In preparing the permutit-purified fraction for injection it is preferable 
to add the sodium chloride and benzoic acid before subjecting the suspen- 
sion to Seitz filtration. The reduction in pH in the presence of sodium 
chloride causes the suspended material to coalesce, thereby increasing the 
rate of filtration. Cleghorn (10) observed a similar effect. 
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acids are summarized in Experiments 10 to 14 (Table I). The 
addition of acetic acid affected the yield of adrenalin favorably 
but had the opposite effect on the yield of cortical hormone. 0.5 
per cent acetic acid decreased the yield of cortical hormone by 
more than 50 per cent. The amount of impurities present in the 
final extract was increased markedly. After the completion of 
the foregoing experiments with acetic acid, Kendall et al. (7, 8) 
stated that sulfuric acid-acetone extraction increased the yield of 
cortical hormone. Experiments 13 and 14 show that the yield 
is decreased with sulfuric acid-alcohol extraction, either with or 
without neutralization before concentration (see p. 633). 

Other Methods of Extraction—Several methods for the prepara- 
tion of the cortical hormone have been described (6-9, 11-17). 
Some procedures were suggested on the grounds of increased yield 
and greater purity of product. Fractionation steps were em- 
ployed which in our work are shown to be inefficient. Therefore, 
the yields obtained with several of the proposed methods were 
compared under standardized assay conditions. 

Hartman and Brownell (11) extracted dissected cortex with 
ether. The ether-soluble fraction was purified by freezing in- 
active material from various concentrations of ethyl alcohol and 
water. No specific fractionation step was used for the separation 
of adrenalin from the cortical hormone. Their method is inade- 
quate for the preparation of extract from whole beef adrenal gland 
because of the toxic substances present in the medulla (15, 16). 

A simplified method of extraction was suggested by Kutz (6). 
Ground beef adrenal glands were extracted with acetone. The 
aqueous sludge obtained on concentration of the acetone extract 
was extracted with benzene. The concentrated benzene washes 
were freed of adrenalin by washing with 4 per cent NaHCO;. The 
benzene-soluble fraction was suspended in water and the water- 
insoluble material removed by filtration. This method gave a 
yield of 200 dog units per kilo of gland (Experiment 15). The 
hormone is readily extracted from the gland with acetone, as 
demonstrated in Experiment 19. In this process the major share 
of the hormone is lost in the bicarbonate washes. 

Grollman and Firor (9) have described a method which they 
recommend because of its simplicity and large yield of hormone 
obtained. It is essentially the same as that described by Kutz 
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(6). Following the bicarbonate wash of the benzene-soluble 
fraction as in the Kutz procedure, Grollman and Firor wash with 
n HCl before suspending the benzene-soluble fraction in water. 
They emphasize the necessity of obtaining glands immediately 
after slaughter and of working at a very low temperature to prevent 
enzymatic destruction. We were able to obtain 750+dog units 
per kilo of gland by their method (Experiment 20). This is about 
50 per cent of the yield which can be obtained with our method 
from autolyzed glands and less than 50 per cent of the yield which 
can be obtained from fresh tissue. The low yield obtained with 
the method of Grollman and Firor is due to the losses in the dis- 
carded fractions. We recovered 600 dog units per kilo with our 
method from the tissue residue and aqueous residue after extract- 
ing with acetone (including refluxing) and benzene respectively. 
This does not take into consideration the loss encountered in the 
bicarbonate washes. 

Kendall and his coworkers (7, 8) extracted with acetone made 
0.2 n with H,SO,. The object of the acid was to liberate the 
cortical hormone from an assumed complex, for they state (7): 
“The hormone exists only in small part in a freely extractable 
form; most of it is firmly bound to the protein fraction and is only 
liberated in the presence of free acid.” The yield of hormone 
obtained with their technique was 1100 dog units per kilo. The 
yield was less than that which was obtained with neutral alcohol 
or acetone (compare Experiments 10, 16, and 19). Tissue which 
had been extracted twice with neutral alcohol failed to yield a 
significant amount of activity when further extracted either by the 
method of Kendall et al. (Experiment 17) or by our method (see 
diagram). These results demonstrate that all of the cortical 
hormone is freely extractable with neutral alcohol or acetone. 
Kendall e¢ al. (7) state further that the benzene-soluble fraction 
contains only “insignificant traces of the hormone.’”’ Aqueous 
residues from our standard method (see diagram) were fraction- 
ated by Kendall’s procedure. Only an additional 75 dog units 
were obtained (Experiment 18), showing clearly that all the 
activity was in the benzene-soluble fraction. 

Separation of Adrenalin from Cortical Hormone—In most of the 
methods now in use for the preparation of the cortical hormone the 
bulk of the adrenalin is separated by selective distribution between 
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immiscible solvents. Kendall et al. (7, 8) remove most of the 
adrenalin by basic lead precipitation. The really significant 
fractionation step, however, is the separation of the cortical 
hormone from the last traces of adrenalin which carry through 
the fractionation procedures. We have employed permutit for 
this purpdse. As has already been mentioned, Kutz (6) removed 
adrenalin by washing a benzene solution of the active fraction 
with sodium bicarbonate solution, while Grollman and Firor (9) 
wash with both sodium bicarbonate and hydrochloric acid. A 
serious objection to such a separation is the loss of cortical hor- 
mone in the washes as evidenced by the relatively low yield. In 
distribution studies we have found the coefficient between benzene 
and aqueous bicarbonate or acid to be 1:3 or 1:4. Kendall e¢ al. 
(7, 8) removed the last traces of adrenalin by grinding an acetone 
solution of the active fraction with lead nitrate and potassium 
carbonate. The remaining fraction still contains impurities which 
are readily removed with permutit. Hartman and Brownell (15) 
stated that much of the physiological potency was lost when 
permutit was used to separate adrenalin and the cortical hormone. 
No data have as yet been presented to substantiate this claim. 
If permutit is used properly, the loss of cortical hormone cannot 
be detected by available methods of determination. Permutit 
enjoys the distinct advantage in that it readily removes many 
impurities other than adrenalin from the active fraction. The 
relative efficiency of the several methods discussed is brought 
out in the data recorded under Experiments 4, 15, 16, and 20. 
In earlier work (3) we suggested the separation of adrenalin 
from the cortical hormone by washing an ether solution of the 
active fraction with 0.1 Nn NaOH. This fractionation step was 
abandoned when results with the present method of assay showed 
that most of the hormone was destroyed by this concentration of 
alkali. 

Recovery of Adrenalin—Adrenalin can be recovered from the 
aqueous residue following benzene extraction. It has been our 
practise to concentrate the first and second alcohol extracts 
separately, since only the first extract contains sufficient adrenalin 
to make the recovery worth while. The yield of adrenalin based 
on the weight of the fresh glands is 0.12 to 0.17 per cent. 

On the Nature of Impurities Present in Adrenal Extract—In 
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1931 Houssay and Marenzi (18) pointed out that choline was 
absent from adrenal extracts prepared by our method. We had 
never made direct tests for choline, since it is readily removed 
frem alcoholic solution by permutit (19). Eagle (20), apparently 
unacquainted with the work of Houssay and Marenzi (18), con- 
cluded that this type of adrenal extract contained considerable 
quantities of choline. He based this conclusion upon results 
obtained with “2 microscopic tests, a precipitation test, and a 
color test” but neglected to specify the exact nature of the tests. 
It is a well recognized fact that choline has no specific chemical 
reaction by which it can be identified (21, 22). The two most 
characteristic reactions of choline are (1) splitting off of trimethyl- 
amine on alkaline hydrolysis, and (2) formation of the character- 
istic choline periodide crystals (23). Our extract gives a negative 
trimethylamine test. It gives several of the non-specific reactions 
which are also given by choline; 7.e., precipitation with Stanék’s 
reagent, a positive alloxan reaction, precipitation in aleohol with 
mercuric chloride or platinic chloride, and an atypical positive 
test with Kraut’s reagent. The first two reactions can be obtained 
equally well with a solution containing the mild oxidation products 
of adrenalin (0.1 per cent). The precipitate obtained with mer- 
curic chloride or platinic chloride does not give the Rosenheim 
periodide test, which can be obtained readily with the correspond- 
ing salts of choline. To prove the presence of choline in adrenal 
extract it is necessary to isolate it in the form of one of its salts 
and to obtain analytical data for its identification. This we have 
attempted to do. 

25 cc. of adrenal extract‘ representing 1 kilo of fresh beef adrenal 
glands were concentrated to semidryness on a water bath following 
the addition of 0.5 ce. of 01 Nn HCl. The residue was brought to 
constant weight (63.7 mg.) in a vacuum over sulfuric acid and 
extracted thoroughly with a total of 10 cc. of absolute ethyl 
alcohol. To 8.5 ce. of the filtered alcohol extract (representing 
850 gm. of whole beef adrenal) 400 mg. of platinum chloride dis- 
solved in 1 ec. of absolute ethyl aleohol were added. Precipita- 
tion was complete in 30 minutes. The light tan, amorphous 

‘The extract used in this experiment had no sodium chloride or pre- 


servative added. This sample was prepared from aliquots of five individual 
preparations of 4 kilos each. 
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precipitate was collected at the centrifuge, washed three times 
with 2 ec. portions of absolute ethyl alcohol, and dried in a vacuum 
over sulfuric acid. It weighed 11.6 mg. It gave a negative 
Rosenheim periodide reaction for choline. Analysis' of the 
chloroplatinate gave the following results. 


(CsH,.NOCI).-PtCl,. Caleulated. N 4.55, Pt 31.67 
Found. “* 8.74, “ 29.33 


These analytical data show clearly that the chloroplatinate is 
not choline chloroplatinate. The negative Rosenheim periodide 
reaction shows that the precipitate does not consist of a mixture 
of choline chloroplatinate and other chloroplatinates which might 
conceivably account for the analytical figures. In control experi- 
ments, the contamination of the chloroplatinate with choline 
chloroplatinate could be detected by this reaction when as little 
as 0.002 per cent choline hydrochloride was added to the original 
adrenal extract. These data demonstrate that choline is not 
present in our extract in detectable amounts. Further work on 
the nature of this nitrogenous fraction is in progress. The quan- 
tities of chloroplatinate obtained from a series of extracts varied 
from 3.0 to 13.7 mg. per kilo of gland. Chloroplatinates were 
obtained in a similar manner from extracts prepared by the meth- 
ods of Grollman and Firor (9) and Kendall et al. (7, 8). Both 
of these products, however, gave a positive Rosenheim periodide 
reaction for choline. 

Cleghorn (10) described histamine-like reactions with extracts 
which he prepared. He observed the typical depressor effect of 
histamine after the extract had been exposed for 1 hour to 1 N 
NaOH. We obtained a negative Pauly reaction with 8.4 mg. of 
the water-soluble fraction equivalent to 90 gm. of cortex, and a 
negative Knoop-Hunter reaction with 14.0 mg., equivalent to 150 
gm. of cortex. In numerous adrenalin bioassays (blood pressure 
reaction in the anesthetized dog and cat) on our extracts no evidence 
was obtained for the presence of histamine or a histamine-like 


5 Microanalytical data were obtained through the courtesy of Dr. Oskar 
Wintersteiner. 

® Three samples of eschatin (Parke, Davis and Company, lot Nos. 094896- 
A, 854234, and 295) were examined in asimilar manner. In no case were we 
able to establish the presence of choline. 
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substance. The product from as much as 4 kilos of glands when 
administered in a single intravenous injection to a 10 kilo dog had 
no untoward effects. 


SUMMARY 


A quantitative study has been made of the extraction of the 
cortical hormone of the adrenal gland. Assays were conducted 
on a standardized series of adrenalectomized dogs. The maximum 
yield of cortical hormone which can be obtained from beef adrenal 
gland by any available method is about 2500 dog units per kilo. 
The method giving this yield is approximately 75 per cent efficient. 
All of the hormone can be extracted from the gland with neutral 
alcohol or acetone. Methods of separating the two hormones 
of the gland and the nature of the impurities present in the extract 
are discussed. 
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EXTRACTION STUDIES ON THE ADRENAL CORTICAL 
HORMONE 


II. YIELD FROM GLANDS OF VARIOUS SPECIES * 


By HARRY M. VARS, A. R. TAYLOR, anv J. J. PFIFFNER 
(From the Biological Laboratory, Princeton University, Princeton) 


(Received for publication, June 13, 1934) 


In earlier work (1, 2) the maximum yield of hormone obtained 
from fresh whole beef adrenal glands was shown to be about 2500 
dog units per kilo. In recovery experiments it was demonstrated 
that the extraction method was 75 per cent efficient; 7.e., 75 per 
cent of previously assayed hormone added to adrenal tissue devoid 
of hormone activity could be recovered in the form of an extract 
suitable for assay purposes. It seemed desirable to determine the 
yield of hormone from the adrenal glands of other species. The 
present report is a summary of the results obtained with the 
glands of man, horse, ox, sheep, hog, dog, and shark. 


Material 


The adrenals from man were supplied to us by Dr. R. 8. Fergu- 
son of the Memorial Hospital, New York. The adrenal tissue 
was collected at 107 necropsies. Death was due to a variety of 
causes. No glands from cases of cancer or pregnancy were 
included. The glands were frozen after dissecting off the excess 
fat. The collection extended over a period of 80 days. The 
glands were received January 23, 1933. 

The horse glands were collected at the abattoir of Chappel 
Brothers, Inc., Rockford, Illinois, through the courtesy of Dr. 
A. E. Meyer and were supplied to us April 29, 1933, by Dr. 8. J. 


* This investigation was supported by a grant from the Josiah Macy, Jr., 
Foundation. 

We wish to express our appreciation to the management and research 
staff of Parke, Davis and Company for their generous cooperation. 
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Martin of the Medical School, University of Wisconsin. After 
trimming off the excess fat the glands were chilled thoroughly 
before shipping. 

The ox, sheep, and hog adrenals were collected from animals 
at time of slaughtering. These glands were frozen after trimming 
off the excess fat and shipped to the laboratory packed in dry ice. 
The ox glands were received on March 16, 1932, and the sheep and 
hog glands on March 2, 1933. 

The dog glands were collected from the carcasses of animals 
sacrificed at the Trenton dog pound. The dogs were killed by the 


TABLE | 
Yield of Cortical Hormone from Adrenal Glands of Various Animals 





| Average weight 






































| Esti- jof adrenal tissue Weight | Average yield 
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weight gan Pon glands | weight 
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Man................, 70 | 14.0] 0.20 |1500 | <165 <2.3 |<0.08 
Horse. . . 2. ......| 300 | 42.2 | 0.08 |2500 1500} 25 | 73.8| 0.15 
Ox..................| 420 | 20.0 | 0.05 |4000 2500' 42 | 50.0/ 0.12 
err. 2.7 | 0.05 |2345 3500; 70 9.6) 0.16 
Sore, 5.4 | 0.05 |2250 3500} 59 18.9 | 0.17 
Re pee ae 9 1.2 | 0.13 | 395.7; 2500) 5 3.2] 0.33 
Shark. .............| 13.5) 2.2*| 0.16 | 163.6) <500 <1.1*|<0.07 





* Interrenal body. 


municipal authorities with carbon monoxide. The glands were 
removed within 1 hour after death. After chilling and removing 
extraneous tissue, the glands were frozen at —10°. The collection 
extended over a period of 66 days, the period ending July 17, 1933. 

The interrenal tissue of the shark (Galeus vulgaris) was collected 
at the Staatliche Biologische Anstalt auf Helgoland under the 
direction of Dr. A. Hinrichs during the late summer of 1933. 
The animals (75) were brought to the laboratory alive and the 
interrenal tissue removed at the time of killing. The tissue was 
finely chopped and shipped in 2.5 volumes of ethyl alcohol. 
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Methods of Extraction and Assay 
The tissues were extracted by the usual method (3) with certain 


als minor modifications discussed more recently (2). Since the 
ng quantities of available tissue varied appreciably, 163.6 to 4000 
ce, gm., the yield of hormone obtained from varying quantities of ox 
nd adrenal glands was determined as a check on extraction technique. 

It was found that the yield of hormone from 500 gm. of beef adrenal 
als glands with the technique employed was essentially the same as 
he that obtained from a 4000 gm. lot. The dog method of assay 


was employed (4). Each assay was checked on at least two 
animals. All test animals were standardized against a single 
preparation of hormone, that of the ox, recorded in Table I. 


DISCUSSION 

The figures recorded in Table I under the heading “Average 
dy, yield” represent the average of the “holding” and “failing” dosage 
; levels employed in the assay; 7.e., if in the course of the assay the 
, test animals were maintained adequately on a dosage level cor- 
@ responding to 3000 dog units per kilo of tissue but lapsed into 
Bb insufficiency on reduction of the dosage level to that corresponding 
2 to 4000 dog units, the “average yield” was accepted as 3500 dog 
16 units per kilo. The yield of hormone obtained from the glands 
: . of horse, ox, sheep, hog, and dog are of the same order of magni- 
7 tude (1500 to 3500 dog units per kilo of gland). The tissues of 
—_ man and the shark contained negligible amounts in comparison 

with the glands of other species, <7 and <20 per cent that of the 

ox. With the available material only a maximum limit could be 
- established for the hormone. content of the glands in these two 
ing species. The amount of ‘hormone present may have been zero. 
on In the case of man there are several possibilities to explain the 
33. low yield. We are inclined to feel that the glands were depleted 
ed of their hormone content at the time of death. One could explain 
he the low yield by assuming destruction of the hormone by autolytic 
33. processes if it were not for the fact that a good yield of hormone 
he can be obtained from ox glands after 48 hours autolysis at room 


7as temperature (about 23°) (1). The yield from a clear cell hyper- 
nephroma (weight 537 gm.), supplied to us by Dr. R. 8. Ferguson, 
was no greater than that obtained from other human autopsy 
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material. Studies on the hormone content of adrenal tumors 
should be made with tissues removed at operation rather than at 
necropsy. 

The only obvious time for the destruction of the hormone in 
the interrenal tissue was while en route (about 2 weeks). Control 
experiments demonstrate that beef adrenal glands can be ground 
and stored in 2.5 volumes of ethyl alcohol for 2 weeks at room 
temperature without a detectable loss in potency. Cleghorn (5) 
was unable to demonstrate the presence of the hormone in extracts 
which he prepared from the interrenal body of skate (Raja clavata). 
He used the survival of the adrenalectomized cat as the physio- 
logical criterion of potency and demonstrated the adequacy of his 
extraction technique by the preparation of physiologically potent 
extracts from ox adrenals. Grollman, Firor, and Grollman (6) 
criticized Cleghorn’s work on the grounds (1) that the hormone was 
probably destroyed before the tissue was dissected from the fish 
and (2) that the extraction technique was inadequate. These 
workers prepared extracts from the interrenal tissue of the skate 
(Raja stabuliforis, Raja diaphanes, and Raja erinacea), using a 
method of their own which is a modification of one described by 
Kutz (7). They presented data on six adrenalectomized rats 
(three injected and three control). The three experimental rats 
injected daily for a period of 7 days with relatively large doses 
gained an average of about 7 gm. and died 10, 11, and 12 days 
following operation. The three control rats survived 5, 6, and 8 
days and showed no gain in weight. These data were interpreted 
as conclusive proof of the presence of the cortical hormone in 
interrenal tissue. From the extirpation experiments of Biedl (8) 
and Kisch (9) it is extremely probable that the cortical hormone is 
present in the interrenal body. We do not feel that its presence 
has been established adequately by any extraction and substitu- 
tion data presented to date. 

Most workers consider the interrenal body to be adrenalin-free. 
The material with which we worked gave several of the usual color- 
imetric tests for adrenalin. 

The estimated average body weights accepted in Table I for 
the ox, sheep, and hog are those recorded for animals at slaughter- 
ing (10); that for the horse was made at the abattoir (11); the 
average body weight of the shark was determined at killing; that 
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of the dog is the average of body weight recorded by Rogoff and 
Stewart ((12) Tables I and II). The average weight of adrenal 
tissue found by these authors in a series of 67 dogs was 1.21 gm. 
In the present work the average weight of the adrenal tissue was 
1.23 gm. in a series of 322 dogs. It seems justifiable therefore to 
accept the average body weight of 9 kilos for purposes of calcula- 
tion, although it is realized that even in the same species there is 
no strict correlation between body and adrenal weight. 

In comparing the species on the basis of the amount of adrenal 
tissue per unit of body weight it will be seen that the horse, ox, 
sheep, and hog fall into one group while man, dog, and shark fall 
into another. The relatively smaller amount of adrenal tissue per 
unit of body weight in the first group may be due to the fact that 
the animals in the group, with the probable exception of the horse, 
are for the most part fattened for slaughter. 

Another interesting comparison of the various species can be 
made on the basis of the yield of hormone per kilo of body weight. 
The values for the horse, ox, sheep, and hog are reasonably con- 
stant, 0.12 to 0.17 dog unit per kilo of body weight. The values 
for man and the shark are very low, <0.03 to <0.07 dog unit, 
whereas the value for the dog is 0.33. 

The data on the dog are of particular interest, for they give an 
indication of the rate of synthesis of the hormone in the adrenal 
cortex. The dog unit is the minimum daily kilo dose required for 
maintenance under standard conditions. Since the dog gland 
at any one time contains only one-third of this amount, the period 
of depletion in the absence of continued synthesis would be about 
8 hours. If we assume the hormone requirement of the other 
species to be comparable to that of the dog, then the depletion 
periods calculated with the data available would be as follows: 
man <43 minutes, horse 3.6 hours, ox 2.9 hours, sheep 3.8 hours, 
hog 4.1 hours, dog 8 hours, and shark <1.7 hours. 


SUMMARY 


Extracts were prepared from the adrenal glands of man, horse, 
ox, sheep, hog, and dog, and from the interrenal body of the shark. 
The extracts were assayed for their cortical hormone content on a 
standardized series of adrenalectomized dogs. The rate of syn- 
thesis of the cortical hormone in the adrenal gland is discussed. 
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EXTRACTION STUDIES ON THE ADRENAL CORTICAL 
HORMONE 


III. DISTRIBUTION STUDIES * 


By J. J. PFIFFNER anp HARRY M. VARS 
(From the Biological Laboratory, Princeton University, Princeton) 


(Received for publication, June 13, 1934) 


In earlier communications (1, 2, 3) methods of extraction for 
beef adrenal glands were described which yielded physiologically 
active extracts assaying from 30 to 40 dog units of cortical hor- 
mone per mg. of active fraction. These figures for activity are 
based on the solid content of the aqueous extracts. The potency 
of the permutit-purified fractions before separating the water- 
soluble from the water-insoluble fraction was much less, usually 
assaying between 10 and 20 dog units per mg. From the stand- 
point of preparing the hormone in a form suitable for physiological 
or clinical study this separation is quite adequate but it is an 
undesirable and unwieldy fractionation step in isolation work, 
since it leaves the hormone dissolved in a relatively large volume of 
water. Methods, therefore, were investigated which would be 
applicable directly to the permutit-purified fraction. Some degree 
of purification with little loss of potency could be effected by 
precipitating inert material from alcoholic solution with petroleum 
ether or other hydrocarbon solvent; e.g., 470 mg. of an active 
fraction assaying 8000-dog units (17 dog units per mg.) were 
precipitated from 10 ce. of absolute ethyl alcohol with 90 ce. of 
hexane. A brown, sticky precipitate was thrown down which was 


* This investigation was supported by a grant from the Josiah Macy, Jr., 
Foundation. 

We wish to express our appreciation to the management and research 
staff of Parke, Davis and Company for their generous cooperation. 

A preliminary report of some of these data appeared previously (Pfiffner, 
J. J., Vars, H. M., Bott, P. A., and Swingle, W. W., Proc. Soc. Exp. Biol. 
and Med., 29, 1267 (1932)). 
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reprecipitated from 5 cc. of absolute ethyl alcohol with 45 ce. of 
hexane. The soluble fraction weighed 370 mg. and contained all 
of the activity (22 dog units per mg.). This fraction could in 
turn be divided into a water-soluble and water-insoluble fraction. 
The water-soluble fraction weighed 150 mg. and contained 8000 
dog units (53 dog units per mg.). Products of this degree of 
potency, however, could be obtained by simply fractionating the 
permutit-purified material directly with water. It seemed desir- 
able to study selective distribution methods before attempting 
further purification with organic solvents. 


Methods 


The system of distribution used in the study summarized in 
Table I was as follows: The active fraction was taken up in 100 ce. 
of ether and 25 cc. of an aqueous solution (neutral, acid, or alka- 
line). The aqueous phase was drawn off and the ether solution 
washed five times with fresh 25 ce. portions. Each wash consisted 
of a vigorous rotation or agitation for a period of 5 minutes. The 
aqueous washes were washed in succession with a 100 cc. portion of 
ether. The ether solution and ether wash were combined and 
constitute the “First ether-soluble fraction” of Table I. The 
combined aqueous washes constitute the ‘Water-soluble fraction” 
of Table I. In each instance an aliquot of the water-soluble 
fraction was neutralized and used in collecting the assay data 
indicated. The pH of the remainder of the fraction was adjusted 
as indicated in Table I and washed six times with ether, the volume 
of each wash being two-thirds the volume of the aqueous phase. 
These combined ether washes constitute the ‘Second ether-soluble 
fraction” of Table I. The ether-soluble fractions were prepared 
for assay by distilling off the ether under reduced pressure, dis- 
solving the fraction in alcohol, adding the necessary quantity of 
water, removing the alcohol under reduced pressure, passing 
through a Seitz filter, and adding 0.8 per cent sodium chloride and 
0.1 per cent benzoic acid. The second ether-soluble fraction was 
almost entirely water-soluble. In preparing the water-soluble 
fraction for assay, the neutralized aliquot was freed of ether by 
distillation under reduced pressure; the volume was then adjusted, 
and 0.8 per cent sodium chloride and 0.1 per cent benzoic acid 


added. 
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The physiological potency was determined by the dog method 
of assay (4). All test animals were standardized against a single 
preparation of hormone. 


DISCUSSION 


The results are recorded in Table I. When 0.05 n NaOH was 
used as the aqueous phase, less than 15 per cent of the activity 
could be recovered. The hormone was exposed to the alkali a 
maximum period of 1 hour. It is obvious from these findings 
that such a procedure as this could not be profitably used in sepa- 
rating adrenalin from the cortical hormone. The earlier con- 
clusion (2) that the two hormones could be separated in such a 
manner was based on the fact that large doses of the ether-soluble 
fraction relieved the symptoms of adrenal insufficiency in the cat. 
Even though less than 6 per cent of the activity could be accounted 
for in the ether-soluble fraction, this would be quite ample to re- 
lieve insufficiency in the dosages employed. The water-soluble 
fraction was not tested at the time because of the adrenalin present. 

Experiment 2 demonstrated the stability of the hormone in the 
presence of 2 per cent NaHCO;. Most of the activity was found 
in the water-soluble fraction, from which it could be readily 
washed back into ether at an alkaline pH. Apparently the hor- 
mone is non-acidic. In Experiment 3 it is seen that the activity 
could be washed readily from ether into 0.05 n HCl. It could 
then be washed back into ether, either with or without neutraliza- 
tion of the acid, indicating the hormone to be non-basic in char- 
acter. Experiment 4 showed that the hormone could be washed 
from an ether solution into water and back into ether. 

By means of such distribution procedures the physiological 
potency can be increased 10 to 15 times with a loss of less than 25 
per cent. The weight of a dog unit was reduced from 60 to about 
5 micrograms. 

If one assumes a distribution coefficient of the hormone between 
ether and water of 1:3, the recoveries found in Table I agree 
fairly well with the calculated recoveries. For Experiments 2 and 
3, the first ether-soluble fraction contained 13 and 19 per cent 
respectively, calculated 12 per cent; the water-soluble fraction 
contained 75 and 88 per cent, calculated 88 per cent; the second 
ether-soluble fraction contained 100, >75, 100, and 125 per cent, 
calculated 77 per cent. 
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The distribution coefficient of the hormone between ether and 
water was determined directly as follows: 102 mg. of permutit- 
purified material assaying 2400 dog units were allowed to distribute 
between 50 cc. of ether and 50 cc. of water. The system was 
shaken repeatedly during a period of 1 hour. The two phases 
were separated and each phase prepared for assay in the usual 
manner. The aqueous phase was found to contain 2000 dog units, 
while the other phase assayed 500 dog units, giving a water to 
ether ratio of 4:1. This experiment was repeated with water and 
benzene with essentially the same findings. A difference in the 
ratios 1:3 and 1:4 is within the experimental error of the assay 
method. The significant point is that the ratio definitely favors 
the aqueous phase in an ether- (or benzene-) water system. 

From the foregoing data a method of fractionation was devised 
for relatively large quantities of tissue. The details are brought 
out in the following example. 7.45 gm. of the permutit-purified 
fraction obtained from 69 kilos of whole beef adrenal glands, and 
containing 85,000 (>69,000 <104,000 by assay) dog units, were 
transferred to a separatory funnel with 75 cc. of ether and 50 ce. 
of 0.05 n HCl. A small amount of tarry material which did not 
dissolve was discarded. The aqueous acid phase was drawn off 
and the ether solution washed seven times with 25 ec. portions of 
0.05 n HCl. The remaining ether-soluble fraction weighed 4.7 
gm. The combined acid washes (225 cc.) were neutralized to 
pH 6.0 and concentrated to a volume of 50 cc. under reduced pres- 
sure at a bath temperature of 45-50°. 2.5 cc. of n HCl were added 
to the concentrate and it was extracted ten times with 100 cc. por- 
tions of ether. The aqueous acid-soluble fraction weighed 1.7 gm. 
The physiological activity is found in the ether washes. The com- 
bined ether washes were brought to 50 cc. and the hormone trans- 
ferred to bicarbonate solution by extracting eight times with 25 cc. 
portions of 2 per cent NaHCO;. The inactive ether-soluble frac- 
tion weighed 0.25 gm. The combined bicarbonate washes (200 cc.) 
were brought to pH 5.3 with hydrochloric acid and concentrated 
to 50 cc. in the usual manner. 1 gm. of NaHCO, was added and 
the solution extracted ten times with 100 cc. portions of ether. 
The inactive aqueous bicarbonate-soluble fraction weighed 0.4 
gm. The ether washes were combined and all solvent removed by 
distillation under reduced pressure at a low temperature. Water 
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was removed at the end-stage of the distillation with the aid of 
absolute ethyl aleohol. The residue was dried in a vacuum over 
sulfuric acid. It weighed 670 mg. and contained 84,000 (> 67,000 
<101,000 by assay) dog units. In this particular instance the 
weight of the active fraction was reduced from 7450 mg, to 670 mg. 
with no significant loss of activity. The product when reduced 
to a powder is amorphous and light tan in color. 

The permutit-purified fractions from lots of glands ranging 
from 16 to 100 kilos have been carried through a similar fractiona- 
tion procedure. In working with smaller quantities of material 
the product is practically colorless. With larger quantities, 
however, the product retains a small amount of pigment. In 
some of the earlier preparations water was used in the fractiona- 
tion without the addition of hydrochloric acid or sodium bicar- 
bonate. Feathery or needle-shaped crystals were formed in these 
products on slow evaporation of ether solutions. However, this 
particular type of crystalline material was never observed in later 
products in the preparation of which acid and bicarbonate were 
used. Chemical properties of highly potent concentrates will be 
discussed in a later communication. 

In purifying the permutit fraction from smaller quantities of 
gland (16 kilos) by distribution procedures the yield ranged from 
4 to 8 mg. per kilo, depending upon the method used in preparing 
the permutit fraction. The products assayed 200 to 400 dog units 
per mg. When the permutit fraction from larger quantities (75 
to 100 kilos) was purified by this procedure, the yield was 6 to 10 
mg. per kilo and the products assayed 100 to 200 dog units per mg. 


Comment 


In these distribution experiments the hormone behaves as a 
non-polar compound. It is apparently neither an acid nor a base. 
The fact that the hormone exhibits a distribution coefficient be- 
tween water and ether (or benzene) of a magnitude of approxi- 
mately 3:1 or 4:1 explains in part the relatively low yields of hor- 
mone obtained by the fractionation method suggested by Kutz 
(5) and modified by Grollman and Firor (6). In both of these 
methods adrenalin is removed by washing a benzene solution of 
the active fraction with aqueous sodium bicarbonate or hydro- 
chloric acid or with both. These workers discarded the aqueous 
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washings. Kendall et al. (7) suggested the use of acid saturated 
with sodium chloride. In our experience the hormone can be 
readily removed from an ether solution by washing with 0.05 n 
HCl saturated with sodium chloride. Distribution procedures 
can be substituted for permutit fractionation in separating ad- 
renalin from the cortical hormone. However, the fact that the 
distribution ratio of the cortical hormone is preponderantly in 
favor of the aqueous phase in a water-ether (or water-benzene) 
system, means that severe losses will be encountered unless the 
distribution technique is designed to recover the cortical hormone 
from the bicarbonate or acid washings. We have found it un- 
profitable to introduce a distribution procedure before permutit 
fractionation because of the mechanical difficulties due to emulsion 
formation and the amount of time involved. 


SUMMARY 


Methods of purifying the adrenal cortical hormone are described, 
consisting of selective distribution between a neutral, acid, or 
slightly alkaline aqueous phase and an immiscible solvent phase. 
Amorphous products free of adrenalin and containing 200 dog units 
of cortical hormone per mg. have been prepared. 


Acknowledgment is due to Mr. A. R. Taylor for his assistance 
in the preparation of the adrenal extracts used in this study. 
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STUDIES ON THE CARBOHYDRATE METABOLISM OF 
THE GOAT 


THE BLOOD SUGAR AND THE INORGANIC PHOSPHATE* 


By JESSIE T. CUTLER 


(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashville) 


(Received for publication, April 30, 1934) 


Levels of sugar in the blood considerably lower than those found 
in man and the laboratory animals commonly studied have been 
repeatedly observed in goats in our laboratory. The normal rest- 
ing blood sugar of non-fasted goats has, as a rule, been found to be 
below 50 mg. per 100 cc. Frequently the levels are lower than 
those at which other animals show symptoms of hypoglycemic 
shock. It seemed that such low sugar levels might be indicative 
of a further peculiarity in the manner in which the goat utilizes 
carbohydrate. Consequently, a study of a number of phases of 
the carbohydrate metabolism of these animals has been under- 
taken. The present paper includes the results of an investigation 
of the following points: (1) the difference in sugar content of 
arterial and venous blood; (2) the renal threshold for sugar; (3) 
the mobilization of sugar following excitement, or administration 
of adrenalin; (4) the hyperglycemia resulting from administration 
of glucose ; (5) the effects of insulin and the resulting hypoglycemia; 
and (6) the changes in, the level of the inorganic phosphates in the 
blood which result from the administration of glucose, adrenalin, 
or insulin. 

Normal Blood Sugar—We have made 150 determinations of the 
normal resting blood sugar in twenty-six goats. The figures range 
from 24 to 65 mg. per 100 cc. The majority of the figures are be- 


* The experimental data in this report are taken from a thesis submitted 
by the author in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy in the Graduate School of Vanderbilt University, 
June, 1934. 


653 








< - ee ae mee 


ee oe 


- 


She Se neta cee ae ee ee eee 





654 Carbohydrate Metabolism in Goat 


tween 40 and 50 mg. per 100 ce. It was found that if reasonable 
care was exercised to prevent exciting the goats before taking the 
samples, the levels were nearly always below the latter figure. 
The average of the figures is 46 mg. per 100 ce. 

Only two earlier references to the normal blood sugar level of 
the goat have been noted. Abderhalden (1) reports a concentra- 
tion of sugar of 0.829 part per 1000, and Bang (2), one of 0.08 part 
per 100 in the blood of the goat. These figures are considerably 
higher than those which we are reporting, but were determined by 
methods which are not at the present day considered accurate. 

The goats used in our studies were obtained from four different 
localities, and were of various breeds. Normal males, castrated 
males, and females, both lactating and non-lactating, were in- 
cluded. The low blood sugars were persistent whether the goats 
had been at pasture or had been kept for several months in the 
laboratory on a diet of oats and hay. 

The sugar in the blood was determined routinely by Benedict’s 
method (5). However, because the figures obtained were unusual, 
they were repeatedly checked by the use of several other well 
established methods. Folin’s ferricyanide method (11) and the 
method of Shaffer and Hartmann (18) gave figures which checked 
very well with those obtained by Benedict’s method. Moreover, 
approximately the same figures were obtained whether the deter- 
minations were carried out on protein-free filtrates prepared by 
the use of the Folin-Wu tungstic acid precipitation procedure (12) 
or the zine sulfate protein precipitation of Somogyi (19). Typical 
figures obtained by these various methods are presented in Table I. 

There is apparently no substance in goat blood which interferes 
with the determination of glucose, as is indicated by the fact that 
glucose added to the blood can be quantitatively recovered. 

The factor of loss of sugar due to rapid glycolysis has been ruled 
out in several ways. In the first place, data to be presented later 
show that glycolysis occurs exceptionally slowly in goat blood. In 
the second place, glycolysis was prevented in most of the samples 
used for sugar determination, either by such rapid handling that 
not even an anticoagulant was needed, or by the addition of sodium 
fluoride to the blood. Parallel determinations on fluorized and 
non-fluorized portions of the same samples showed no significant 
differences in sugar content, even when the samples were allowed 
to stand at room temperature for an hour. 
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The figures presented above, therefore, apparently indicate the 
true level of reducing sugar in the blood of goats. They do not, 
however, preclude the possibility that additional sugar may be 
present in a non-reducing form, yet is available to the animal for 
metabolic purposes. 

Arterial-Venous Difference in Sugar Content—The figures pre- 
sented above were obtained on venous blood. In several cases, 
samples were taken as nearly simultaneously as possible from the 
saphenous vein and from the left ventricle of the heart. Compara- 
tive sugar determinations on these samples show sugar levels in 
the ventricular blood only 2 to 4 mg. per 100 cc. higher than those 
in venous blood. These differences are wholly in accord with 


TaBLe | 
Blood Sugar of Normal Goats. Determinations by Several Methods 


























| Benedict | Foli | | Meothed, | ‘method, | ,Shafler- 
s | ie in Samp! met ’ me * H 
Sample method method mo —_— Somogy! ———- 
mg. per mg. per mg. per mg. per mg. per 
100 ce. 100 cc. 100 cc. 100 ec 100 ce. 
A 47 42 F 42 42 48 
B 44 41 G 42 43 53 
Cc 43 44 if 42 43 40) 
D 46 46 I 51 51 53 
E 46 47 J 46 49 50 








those observed in other animals. Moreover, we found that insu- 
lin, which increases the utilization of sugar, does not cause the 
arterial venous difference of sugar content in the blood of the goats 
to increase beyond the normal limits. Therefore, the low sugar 
concentration in venous blood cannot be explained on the basis of 
an unusually rapid withdrawal of sugar from the blood by the 
tissues. 

Renal Threshold for Sugar—An extremely low renal threshold is 
not the cause of the low blood sugar. This is indicated by the 
fact that numerous samples of urine taken from goats more or less 
at random did not contain sugar. Further evidence was obtained 
by experiments on four goats in which the renal threshold for 
sugar was determined. We were not able to catheterize goats 
and were forced to use anesthetized animals. Amytal was found 
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to be unsatisfactory for maintaining anesthesia in goats, and we 
therefore resorted to barbital. This anesthetic had only a slight 
effect on the blood sugar, as evidenced by the fact that the levels 
after anesthetization and cannulation of a ureter were only slightly 
higher than those obtained before the procedures were instituted. 
Before the anesthetic was given, the blood sugar levels of the four 
goats were 45, 44, 35, and 46 mg. per100cc. After the operation 
they were 61, 46, 44, and 47 mg., respectively. 

The renal threshold was determined in the following manner. 
Urine was obtained from the ureteral cannula and immediately 
tested for sugar by Benedict’s method (4). A small dose of glu- 
cose, about 0.06 gm. per kilo, was then injected intravenously. A 
blood sample was taken immediately and the urine examined for 
sugar at 2 to 5 minute intervals for about 30 minutes. If the 
urine did not give a positive test for sugar, a slightly larger dose of 
glucose was given and the procedure repeated. After sugar ap- 
peared in the urine, tests were made as frequently as possible, and 
and as soon as sugar-free urine was again obtained, another blood 
sample was taken. Thus, we were able to determine the approxi- 
mate levels of blood sugar at which sugar appeared in, and dis- 
appeared from, the urine. 

In the four goats, sugar was noted in the urine at blood sugar 
levels of 130, 81, 112, and 115 mg. per 100 cc., and had disappeared 
at 80, 67, 89, and 87 mg., respectively. These levels indicate a 
threshold considerably lower than that reported for the dog, the 
rabbit, and man. The threshold in the goat is, however, almost 
as much higher than the normal blood sugar level as it is in other 
animals. Excretion of sugar in the urine, therefore, cannot be the 
direct cause of the low blood sugar. 

Mobilization of Sugar—Having established the fact that the 
goat is able to maintain its normal activity with an unusually low 
concentration of sugar in the blood, we wished to know whether 
in an emergency it can draw upon its carbohydrate reserves in a 
normal manner. The administration of large doses of adrenalin 
to most animals is followed by an increase in blood sugar. Like- 
wise, fright or excitement results in hyperglycemia. We have 
found that goats respond to the administration of adrenalin and 
to excitement with a hyperglycemia which is comparable to that 
seen in the dog. In Chart 1, typical curves are given which illus- 
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trate the rise in blood sugar that occurs in the goat after the sub- 
cutaneous injection of 0.1 mg. of adrenalin per kilo and after 
moderate excitement. 

The figures obtained from these procedures indicate that though 
the goat maintains normal metabolism with a very low blood sugar, 





Cuart 1. Effect of adrenalin and excitement on the blood sugar of goats 


it is like other animals in being able to call into the blood stream 
reserves of sugar in an emergency. 

Administration of Sugar—To investigate the rate at which goats 
remove excess sugar from the blood stream, we administered glu- 
cose, either orally or by vein, and made subsequent determinations 
of the blood sugar concentration at short intervals. When sugar 
is given by mouth to goats, the resulting hyperglycemia is slight 
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and rather late in appearing. One of the factors influencing the 
blood sugar level after the oral ingestion of glucose is the rate of 
absorption from the gastrointestinal tract. The goat is a ruminant 
and it is possible, therefore, that the rate of absorption is relatively 
slow. If so, this may explain why the blood sugar rise is so slight 
and so late in appearing. 





Cuart 2. Effect of oral and intravenous administration of glucose on 
the blood sugar of goats. 


When comparable amounts of glucose are administered by vein 
to the goat and the dog, the blood sugar response in the two ani- 
mals is similar. The abrupt initial rise is followed by a return to 
the normal level in 14 to 3 hours. In Chart 2 the blood sugar 
changes in the goat after oral and intravenous administration of 
glucose are illustrated. From the results of these experiments 
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we may conclude that in the goat excess sugar can be removed 
from the blood at a normal rate. 

Effects of Insulin—The reaction of the goat to insulin is unusual 
in two respects: (1) exceptionally large doses of insulin are re- 
quired to produce shock; and (2) shock occurs only after a blood 
sugar level between 10 and 20 mg. per 100 ce. has been maintained 
for a period of 5 to 8 hours. 

The smallest dose of insulin with which we have produced shock 
in the goat is 4 units per kilo. Even larger doses than this have 
frequently failed to produce symptoms. Scott, Ferrill, Rogoff, 
and Barnes (17), in a recent study on the sensitivity of dogs to 
insulin, reported that 2 units of insulin per kilo produced convul- 
sions in dogs in nearly every case, and that smaller doses would 
suffice in certain dogs. Therefore, at least twice as much insulin 
per kilo of body weight is required to produce shock in the goat as 
in the dog. 

When large doses of insulin are administered to goats, the blood 
sugar falls rapidly, within 1 or 2 hours, to a level between 10 and 
20 mg. per 100 cc. At this stage, the animals appear perfectly 
normal in every respect, and continue to do so for some time. 
The blood sugar usually remains at approximately the same low 
level for several hours. If, within 4 or 5 hours, it begins to rise 
toward its normal level, no symptoms are ever noted in the animal. 
If, however, the dose of insulin is sufficient to keep the blood sugar 
concentration well below 20 mg. per 100 cc. for 5 to 8 hours, symp- 
toms of shock will be noted. Although we have sometimes used 
extremely large doses of insulin, we have never been able to pro- 
duce shock in the goat without this 5 to 8 hour period of hypogly- 
cemia. In two cases, doses of 10 units per kilo and 12 units per 
kilo were administered, but symptoms appeared only 8 and 9 
hours, respectively, after the insulin was given. We can, as yet, 
offer no explanation of why the goat is able to maintain his normal 
activity for several hours with a blood sugar so remarkably low, 
and then without further lowering, manifests shock. 

The symptoms of shock in the goat are those of apathy and 
sluggishness, followed by coma. We have never seen convulsions, 
and only in a few cases, slight signs of restlessness in the early 
stages. The animals usually salivate profusely. The symptoms 
can be relieved promptly and completely by injection of glucose, 
and as far as can be observed, there are no after effects. 
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The hypoglycemia resulting in the goat from injection of insulin 
and its relationship to the onset of symptoms are illustrated in 
Chart 3. 

The studies of the blood sugar have not, thus far, revealed the 
nature of the abnormality in the carbohydrate metabolism of the 





Cuart 3. Blood sugar of goats after insulin administration. The blood 
sugar curves in the upper part of the chart resulted from the injection of 
doses of insulin large enough to produce shock; those in the lower part 
resulted from doses which did not produce symptoms. 


goat. The peculiarity of the reaction of this animal to insulin is, 
however, still further suggestive of the existence of such an abnor- 
mality. Therefore, another criterion for the comparison of the 
carbohydrate metabolism of the goat with that of other animals 
was sought. 

Numerous reports in the past decade have indicated that phos- 
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phorus plays an important réle in carbohydrate metabolism. One 
type of evidence that this is so is found in the fact that the changes 
in blood sugar which result from the administration of glucose, 
adrenalin, or insulin are accompanied by characteristic changes in 
the level of the inorganic phosphates of the blood. Therefore, we 
have studied the changes produced by these procedures in the 
level of the inorganic phosphorus in the blood of the goat. 

The normal concentration of the inorganic phosphate in the 
blood of the goats which were used for these studies was consider- 
ably higher than that in the blood of the dogs used as control 
animals. Our figures for goat blood range from 3.2 to 11.1 mg. 
of phosphorus per 100 cc. with an average of 6.0 mg., while those 
for dog blood vary from 2.2 to 4.9 mg. per 100 cc. with an average 
of 3.2 mg. The determinations were made by Briggs’ modifica- 
tion (8) of the Bell-Doisy method (3). We believe that the high 
levels in the goat blood result, at least in part, from the diet. The 
figures were always considerably higher when the animals had 
been kept at pasture for some time than when they had been 
receiving the diet of oats and hay furnished in the animal quarters. 
The soil in this region, is rich in phosphates, so that it is probable 
that the animals kept at pasture received a comparatively large 
amount of these salts. 

Effect of Administration of Glucose on Inorganic Phosphate— 
Harrop and Benedict (13) reported in 1924 that the hyperglycemia 
resulting from the oral administration of glucose was followed by 
a marked reduction of the inorganic phosphate of the blood. 
Bolliger and Hartman (7) showed that the same change occurs 
after intravenous injection of glucose in normal animals, but that 
no such change takes place in depancreatized subjects. Hartman 
and Foster (14), as well as McCullagh and Van Alstine (15), have 
studied the changes in the inorganic phosphate of the blood after 
the administration of glucose to large numbers of patients. Both 
groups of investigators found that certain abnormalities of carbo- 
hydrate metabolism are reflected in an abnormal curve of the 
inorganic phosphate. 

In our experiments, glucose was given intravenously to both 
goats and dogs in doses of 0.4 gm. per kilo. The intravenous route 
was chosen in order to avoid variations in the rate of intestinal 
absorption. Blood samples for the determination of sugar and 
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inorganic phosphate were taken 10, 30, 60, 120, and 180 minute 
after the injection. 

In the blood of both species, the abrupt initial rise in blood sugar 
which results from the injection of glucose is followed by a marked 
reduction of the inorganic phosphate. The fall continues for 4 


Cuart 4. Effect of intravenous injection of glucose on the inorganic 
phosphate of the blood of the goat and the dog. 


minutes to 2 hours, following which there is a return toward the 
normal level. The rise in phosphate does not usually begin until 
the blood sugar has fallen to a level only slightly in excess of the 
normal. The phosphate level is, as a rule, still somewhat de- 
pressed as long as 3 hours after the administration of glucose. 
In Chart 4, typical curves are presented of the inorganic phosphate 
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of the blood of the dog and the goat after the intravenous injection 
of 0.4 gm. of glucose per kilo. The changes which occur in the 
goat blood do not differ from those in dog blood and are similar 
to those reported in the literature. 


ote 


Cuarrt 5. Effect of- adrenalin on the inorganic phosphate in the blood 
of the dog and the goat. 


Effect of Injection of Adrenalin—Perlzweig, Latham, and Keefer 
(16), Vollmer (21), and Bolliger and Hartman (7) reported that 
the injection of adrenalin results in a marked fall in the inorganic 
phosphate of the blood. Yamada (23) was unable to confirm this 
observation. 

In Chart 5 are presented typical curves illustrating the changes 
in sugar and inorganic phosphate of the blood which result from 
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the subcutaneous injection of adrenalin in dogs and goats. Ad- 
renalin was given in doses of 0.1 mg. per kilo. Blood samples 
were taken hourly, following the injection, for 6 to 8 hours. The 
resulting curves in the two species are similar. Following the 
injection of adrenalin the blood sugar rises rapidly at first and 
then more slowly for 3 or 4 hours. During the same period the 





Cuart 6. Effect of insulin on the inorganic phosphate in the blood of the 
goat. 


inorganic phosphate falls markedly. Both constituents then 
begin to return toward their normal levels. 

Effect of Injection of Insulin—A marked fall in the inorganic 
phosphate of the blood following the administration of insulin was 
reported by Wigglesworth, Woodrow, Smith, and Winter (22). 
This observation has since been confirmed by many investigators 
(6, 9, 10, 13, 20, 23). Wigglesworth et al. found that the low level 
of the inorganic phosphate persists in the blood for many hours 
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after the hypoglycemic convulsions have been relieved by glucose. 
Yamada (23) reported, however, that during unrelieved insulin 
convulsions the inorganic phosphate rises again to approach the 
normal level. 

The large dose of insulin required and the greater severity and 
duration of hypoglycemia necessary to produce shock in goats 
make difficult any exact analysis of the comparative effect of insu- 
lin in goats and dogs. However, the marked fall in the inorganic 
phosphate of the blood which has been observed in other animals 
after the injection of insulin takes place also in the goat. The 
initial fall of both sugar and inorganic phosphate in goat blood 
is about equally great whether or not the dose of insulin is large 
enough to produce shock. When shock does not occur, the in- 
organic phosphate begins to rise at about the same time that the 
sugar starts to return to a more normal level. When shock occurs, 
the inorganic phosphate remains low until symptoms have set in 
and have been relieved by administration of glucose (Chart 6). 

The data presented indicate that the inorganic phosphate of 
goat blood is altered in response to the administration of glucose, 
adrenalin, and insulin in the same manner as that observed in 
other animals. Not enough is yet known regarding the signifi- 
cance of the changes in inorganic phosphate in relation to the 
metabolism of carbohydrate to make it possible to say that these 
observations indicate a normal type of carbohydrate metabolism 
in the goat. They do not, however, furnish any evidence of 
metabolic abnormalities. 


SUMMARY 


The normal resting. blood sugar of goats has been found to be 
between 24 and 65 mg. per 100 cc. The low blood sugar is not to 
be explained by an unusually efficient utilization of sugar by the 
tissues, nor by a remarkably low renal threshold. The blood 
sugar changes following excitement, the administration of adre- 
nalin, or the administration of sugar are similar to those observed in 
the dog. Unusually large doses of insulin are required to produce 
shock in goats, and shock is manifested only when blood sugar 
levels between 10 and 20 mg. per 100 cc. have been maintained 
for 5 to 8 hours. The inorganic phosphorus of goat blood is 
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markedly lowered by the administration of glucose, adrenalin, or 


_ 


SONAR WL 


BIBLIOGRAPHY 


. Abderhalden, E., Physiological chemistry, translated by Hall, W. T., 


and Defren, G., New York (1908). 


. Bang, I., Der Blutzucker, Wiesbaden (1913). 


Bell, R. D., and Doisy, E. A., J. Biol. Chem., 44, 55 (1920). 


. Benedict, 8. R., J. Biol, Chem., 6, 485 (1908-09). 


Benedict, 8. R., J. Biol. Chem., 68, 759 (1926). 
Blatherwick, N. R., Bell, M., and Hill, E., J. Biol. Chem., 61, 241 (1924). 
Bolliger, A., and Hartman, F. W., J. Biol. Chem., 64, 91 (1925). 


. Briggs, A. P., J. Biol. Chem., 68, 13 (1922). 
. Briggs, A. P., Koechig, I., Doisy, E. A., and Weber, C. J., J. Biol. 


Chem., 68, 721 (1923-24). 


. Ellsworth, R., and Weinstein, A., Bull. Johns Hopkins Hosp., 68, 21 


(1933). 


. Folin, O., J. Biol. Chem., 81, 231 (1929). 
. Folin, O., and Wu, H., J. Biol. Chem., 38, 81 (1919). 
. Harrop, G. A., Jr., and Benedict, E. M., J. Biol. Chem., 69, 683 (1924). 


Hartman, F. W., and Foster, D. P., Am. J. Clin. Path., 2, 289 (1932). 


. McCullagh, R., and Van Alstine, L., Am. J. Clin. Path., 2, 277 (1932). 
. Perlzweig, W., Latham, E., and Keefer, C., Proc. Soc. Exp. Biol. and 


Med., 21, 33 (1923). 


. Scott, V. B., Ferrill, H. W., Rogoff, J. M., and Barnes, B. O., The 


sensitivity to insulin, presented before the American Physiological 
Society at New York (1934). 
Shaffer, P. A., and Hartmann, A. F., J. Biol. Chem., 46, 365 (1920-21). 
Somogyi, M., J. Biol. Chem., 86, 655 (1930). 
Staub, H., Giinther, F., and Frélich, R., Klin. Woch., 2, 2337 (1923). 


. Vollmer, H., Biochem. Z., 140, 410 (1923). 
. Wigglesworth, V. B., Woodrow, C. E., Smith, W., and Winter, L. B., 


J. Physiol., 67, 447 (1923). 
Yamada, S., J. Biochem., Japan, 17, 21 (1933). 








sti 
ex 


acr’ 





or 


4). 


2). 
nd 
‘he 
cal 





CHEMICAL REACTIVITY OF CYSTINE AND ITS 
DERIVATIVES* 


By J. 8. FRUTON{ ann H. T. CLARKE 


(From the Department of Biological Chemistry, College of Physicians and 
Surgeons, Columbia University, New York) 


(Received for publication, June 21, 1934) 


In the studies here reported, investigation of the effect of sub- 
stituent groups on the reactivity of the cystine molecule has been 
extended to include that of acid radicals attached to the amino 
group in both cystine and cysteine. 


Sulfur Lability 


The velocity of alkaline decomposition of cystine derivatives 
has been measured under the conditions adopted in previous 
studies (1). The results are given in Figs. 1 to 3. In the sub- 
stituted cystine series (Fig. 1) the lability of the sulfur is increased 
by acyl substituents in the following order: carbobenzoxy < 
trichloroacetyl < (glycyl, alanyl, phenylhydantoic acid) < (a-bro- 
mopropionyl, chloroacetyl) < (acetyl, formyl). The induction 
period necessary for the accumulation of pyruvic acid is absent. 
The effect of acid substituents in general is to accelerate the 
formation of the aminoacrylic acid derivative formed as a primary 
decomposition product (2). As a substituent is already present 
on the amino group, pyruvic acid, which results from the amino- 
acrylic acid derivative, should have no effect on the rate of de- 
composition. This is shown to be the case by Curve I of Fig. 1. 
The presence of a-methyl hydroxylamine which, like arylhydra- 
zines, restrains the velocity of the decomposition of cystine to its 


* This work was aided by a grant from the Chemical Foundation, Inc. 
The data in this paper are taken from a thesis submitted by J. S. Fruton 
in partial fulfilment of the requirements for the degree of Doctor of Phi- 
losophy in the Faculty of Pure Science, Columbia University. 
t W. J. Gies Fellow in Biological Chemistry, 1932-33. 
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initial low value, likewise has no appreciable effect on the course 
of the reaction. 

A ring structure situated near the sulfur atom has a pronounced 
influence on the stability of the molecule. In the cases of cystine 
phenylhydantoin and the dianhydride of dialanyleystine, the 
great reactivity of which has been observed by Bergmann (2) 
and Brand and Sandberg (3), the end of the reaction is reached 
in less than 30 minutes. Evidently the ring strongly favors the 
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Fia. 1. Labile sulfur from cystine derivatives. Curve I, @ diformyl- 
cystine, © diformyleystine + 2 moles of a-methylhydroxylamine, © difor- 
mylcystine + 5.75 moles of pyruvate, @ diacetylcystine; Curve II, dichlo- 
roacetylcystine ; Curve III, di-a-bromopropionylcystine; Curve IV, cystine 
phenylhydantoic acid; Curve V, dialanylcystine; Curve VI, diglycyl- 
cystine; Curve VII, ditrichloroacetyleystine ; Curve VIII, dicarbobenzoxy- 
cystine; Curve IX, dibenzylidenecystine. 


formation of the aminoacrylic acid derivative. Owing to the 
possibility that this increased reactivity was due merely to the 
effect of a substituent on the carboxyl as well as on the amino 
group, the lability of the sulfur in glutathione was determined 
as well. This is intermediate between that for diacetylcystine 
and the ring compounds (Fig. 2). Nicolet (4) has found a be- 
havior similar to that of the above two ring compounds in the 
case of cystine thiohydantoins. Andrews and Andrews (5) have 
studied the decomposition of cystine phenylhydantoin in pyridine 
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Fie. 2, Labile sulfur from cystine derivatives. Curve I, dialanyleystine 
anhydride; Curve II, cystine phenylhydantoin; Curve III, oxidized glu- 
tathione. 
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Fig. 3. Labile sulfur from benzenesulfony! derivatives of cystine. Curve 
I, dibenzenesulfonyleystine (25°); Curve II, © di-N-methyldibenzenesul- 
fonyleystine, @ di-N-benzyldibenzenesulfonyleystine (25°); Curve III, 
dibenzenesulfonyleystine (100°); Curve IV, benzenesulfonylcysteine (100°). 


and showed the formation of pyruvic acid from the intermediate 
methylene compound in accord with the scheme outlined above. 
The remarkable stability of benzenesulfonylcystine (Fig. 3) 
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to alkali may be attributed to the strongly polar nature of the 
benzenesulfonyl group which confers upon the residual hydrogen 
of the substituted amino group an acidic character so that it forms 
the sodium salt. When salt formation is blocked by replace- 
ment of the hydrogen by an alkyl group, the lability of the sulfur 
is greatly increased, and its rate of elimination becomes comparable 
to that of acetyleystine. While the increased lability in the case 
of the N-methylbenzenesulfonyleystine might be attributable to 
the increased basicity of the nitrogen atom, this cannot explain 
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Fria. 4. Labile sulfur from cystine and cysteine. Curve I, cystine; 
Curve I, a, cystine + 5.75 moles of pyruvate; Curve II, cysteine; Curve 
II, a, cysteine + 11.5 moles of pyruvate; Curve III, cystine + 2 moles of 
a-methylhydroxylamine. 


the similar reactivity of the corresponding N-benzyl derivative, 
for benzylamine has a dissociation constant no greater than that 
of ammonia. p 

The rapid rate of decomposition of the benzylidene derivative 
is of interest. 

The results with cysteine alone and with pyruvic acid (Curves 
II and II, a, Fig. 4) show that the induction period for the re- 
duced form is much longer than that for the oxidized form, and 
the slope of the curve after the accelerating effect of pyruvic 
acid has set»in is less steep. 
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In the experiments on the derivatives of cysteine essentially 
the same relationships were found as in the oxidized series (Fig. 5). 
The yields of PbS tended to approach the theoretical value. 
Here again the order was glutathione > (acetyl, formyl) > 
chloroacetyl > benzenesulfonyl. Similar differences were to be 
expected between the rates of decomposition for the reduced 
and oxidized forms. In the case of the compounds which de- 
composed quite rapidly at 25° only a slightly lower rate was 
observed for the reduced compounds. However, the reduced and 
the oxidized forms of the benzenesulfonyl derivatives (Fig. 3) 
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Fig. 5. Labile sulfur from cysteine derivatives. Curve I, @ acetyl- 
cysteine, © formylcysteine; Curve II, chloroacetyleysteine; Curve III, 
reduced glutathione. 


showed a marked difference when their rates of decomposition 
were measured at 100°. 

An attempt was made to note the effect of the absence of either 
the amino or carboxy] group of cystine on the lability of the sulfur. 
With dithiodihydracrylic acid and diaminodiethyldisulfide (Fig. 6) 
the rates of decomposition were very slow. Homocystine, a 
sample of which was kindly transmitted to us by Dr. du Vigneaud, 
also decomposed at a very slow rate without the appearance of an 
induction period. 

For cystine, glutathione, and dialanylcystine anhydride the 
maximum yields of PbS corresponded to approximately 70 per 
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cent of the total sulfur, while in the runs on the other cystine 
derivatives in which an end-point was attained the yields were 55 
to 60 per cent. In view of Schéberl’s recent findings (6), it 
seems possible that the reaction is affected by the presence of 


oxygen. 
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Fia. 6. Labile sulfur from various disulfides. Curve I, diaminodiethyl- 
disulfide (25°); Curve II, diaminodiethyldisulfide (100°); Curve III, homo- 
cystine (25°); Curve IV, homocystine (100°); Curve V, dithiodihydracrylic 
acid (25°). 


Autoxidation of Cysteine and Its Derivatives 


It seemed of interest to learn whether the relationship between 
substitution and chemical reactivity observed in the studies on 
sulfur lability would be reflected in the rates of autoxidation of 
cysteine and its N-substituted derivatives. In these experiments 
the Warburg apparatus was employed. 

The work of Mathews and Walker (7), Thunberg (8), War- 
burg and Sakuma (9), Sakuma (10), and Gerwe (11) showed 
that the reaction could be written 4R-—SH + O.—-2R—S—S-R 
+ 2H,0, and that the reaction was extremely sensitive to metal 
catalysis. These findings are fully borne out in the experiments 
here reported. 

In order to evaluate any comparative data on the autoxidation 
of cysteine and its derivatives it was necessary to carry out the 
experiments under as strictly analogous conditions as possible. 
Owing to the practical difficulty of totally excluding heavy metals, 
the determinations were made in the presence of a large constant 
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concentration (0.0001 m) of Fe+++, added as FeCl;. Cysteine 
preparations from several sources after one recrystallization gave 
identical autoxidation rates on addition of this amount of iron. 

Phosphate, borate, and veronal buffers were employed in m/15 
solution. The pH readings, made immediately after the end of 
each autoxidation run, were obtained by means of the glass elec- 
trode and are reliable to 0.03 of a pH unit. It had been observed 
previously that no change in pH occurred during the autoxidation 
in these buffered solutions. The temperature in all cases was 
25°; the volume of oxygen was corrected to 0° and 760 mm. 

The figures for the oxygen uptake of cysteine (Table I) and 
thioglycolic acid (Table II) accord with those for first order 
reactions; those for formyleysteine and a-bromopropionyleysteine 
(Table III) conform with those for reactions of the second order. 
No explanation for these results is offered; with glutathione and 
benzenesulfonyleysteine no constants for either order were ob- 
served. If the rate of reaction were controlled by the concentra- 
tion of ferrous-thiol complexes (12, 13), the oxygen uptake of 
cysteine and thioglycolic acid should conform to a zero order 
reaction. 

The effect of the substituent on the amino group in the N-sub- 
stituted cysteines upon the autoxidizability of the sulfhydryl 
group is qualitatively the same as on the lability to alkali. Formyl 
and similar groups, which labilize the thiol group, make its autoxi- 
dation more rapid; the benzenesulfonyl group, which stabilizes 
the sulfur to alkali, also decreases the rate of oxygen uptake. 

In the studies on the effect of pH on the oxygen uptake of 
cysteine it was noted that the buffering agent used has a definite 
influence on the rate although it does not change its character. 
Thus phosphate buffers and borate buffers seem to check fairly 
well with each other, but give much slower rates for a given pH 
than the veronal buffer. It is possible that the phosphate and 
borate have a greater power of reducing the effective iron con- 
centration than veronal; since knowledge on iron-veronal com- 
plexes is lacking, no decision can be made on this point. 

The rate constants for a given buffer in the cysteine experi- 
ments show that for veronal the rate of autoxidation is practically 
independent of pH over the range pH 7 to 8; with borate or 
phosphate there is a similar “buffering’’ range with the center at 
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TasLe II 
Autozxidation of Thioglycolic Acid 


















































































pH 7.40 pH 8.03 pH 8.57 pH 9.16 
Time a 
Oz Ki Oz Ki O2 Ki Ox Ki 
min. c.mm., c.mm. c.mm. rss a 
20 19.7 1.18 38.3 2.49 65.5 4.43 90.2 6.11 
30 33.7 1.35 61.6 2.64 98.2 4.69 135.6 6.45 
40 41.0 1.37 73.7 2.52 131.5 4.85 156.0 6.31 
60 60.5 1.29 103.8 2.51 174.0 4.72 200.9 6.18 
80 81.9 1.41 125.5 2.39 210.4 4.63 243.1 6.19 
100 94.0 1.32 161.3 2.57 248.5 4.91 272.0 6.37 
Concentration, 0.0130 m; theory requires 355 c.mm. of Os. 
eer 7 Lae 
10F 7 
Sr 4 
Ky 
8+ 4 
Tr 4 
6+ a 
Sr 4 
4+ a 
3F 4 
. 2r + 
1 l 
6 pH 7 9 10 


Fic. 7. pH dependence of cysteine autoxidation rate constants. © 
veronal buffers, © phosphate buffers, @ borate buffers. 


about pH 8.3 (Fig. 7). These findings contrast markedly with 
the results of Dixon and Tunnicliffe (14), who found a maximum 
rate at pH 7.4, but the discrepancy may be explainable by the 
presence of constant amounts of iron in the experiments here 
reported. It will be noted that in the case of the borate buffer 
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the rate begins to fall off after pH 9. This is probably due to 
decrease of iron concentration by precipitation as the hydroxide. 
The significance of the range of constant autoxidation rate is not 
clear, but may be associated with the amino group of the cysteine 
molecule. The values for this range lie close to the pK, of 8.09 
determined by Cannan and Knight (15). No such break is 
observed with the substituted cysteines nor with thioglycolic 
acid." 

In an attempt to study the autoxidation of ethyl mercaptan 
(Table IV), the rate was found to be almost independent of pH 
above 7.5 and apparently independent of iron concentration over 


TaBLe IV 
Autozidation of Ethyl Mercaptan 
O; values measured in c.mm. are given at different pH values with 
borate buffers. 

















RISA ES 75 8.4 | 9.2 
Fet** concentration, w.| 0.0001 0.01 | 0.0001 0.01 | 0.0001 | 0.01 
a . a SS) ———— a = ™ . | — 
min } 
35 | 58.9 | 102.3 | 64.0 76.0 83.5 | 75.5 
85 | 89.4 118.0 | 100.2 99.0 91.0 | 105.7 
345 174.1 188.5 180.3 181.0 222.2 154.8 
715 | 226.0 | 214.0 | 225.7 | 209.5 | 255.3 | 194.1 
! - ee 


the range 0.01 m to 0.0001 m Fe+++. However, the end of the 
autoxidation could not be attained within a reasonable time, and 
calculations of the rate constants were fruitless. 


Oxidation-Reduction Studies 


The experiments reported in this section concern the behavior 
of cysteine and several cysteine derivatives when they are allowed 
to react with reversible oxidation-reduction indicators. The 
original intention of these experiments was to study the kinetics 
of the reduction of some of the dyes by the sulfhydryl compounds 
and to observe whether the relationships found for sulfur lability 
and autoxidation as to the effect of substituents held for the 


1 The results with thioglycolic acid are in agreement with those of 
Dixon and Tunnicliffe (14). 
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anaerobic oxidation of these compounds as well. During the 
course of the work it was found that with certain of the dyes 
reduction by the sulfur compound reached stationary values. 

The oxidation-reduction potentials of the thiol-disulfide systems 
have been the subject of extensive electrometric investigation 
by Dixon and Quastel (16), Michaelis (17), Ghosh and his co- 
workers (18), and Green (19). The difficulties encountered in the 
use of metallic electrodes have led to the view, widely held, that 
the sulfhydryl-disulfide system is irreversible. For this reason 
the method of equilibration with oxidation-reduction indicators, 
suggested in 1926 by Conant (20), was adopted. 

On the assumption that the reaction 2R—SH + D,.—=R-—S—S— 
R + D, is reversible and by making use of the approach discussed 
in a recent communication from this laboratory (21) it was pos- 
sible to calculate a characteristic potential for the thiol-disulfide 
system. The equilibrium constant K is given by ({D.] [R—SH}*)/ 
((D,] [R—S—S—R)). 

The dyes used were recrystallized commercial samples, with 
the exception of methyl viologen which was synthesized according 
to the method of Michaelis (22). The other indicators were 
gallocyanine,? gallophenine,’ brilliant alizarin blue (23), indigo 
di- and tetrasulfonate (24), phenosafranine (25), and rosinduline 
2-G? (26). The position of the absorption maxima at pH 7.4 
of the dyes in the concentrations used in the equilibrium studies 
are given below. 


Indigo disulfonate.......... 610 Brilliant alizarin blue...... .590 

“  tetrasulfonate.......590 Methyl viologen............. 600 
Gallocyanine...............620 Rosinduline 2-G............. 495 
Gallophenine...............590 - Phenosafranine.............. 520 


Between pH 7.4 and pH 9.2 there was no significant variation in 
the position of the absorption maxima. 

It was of importance to learn whether metal catalysis played 
a significant rdle in the kinetics of the decolorization. Toda (27) 
had observed that in the reaction between cysteine and methylene 
blue the addition of iron salts accelerated, while cyanide retarded, 
the decolorization. The experiments on cysteine with gallo- 


2 We are grateful to the Winthrop Chemical Company of New York for 
kindly providing these dyes. 





680 Cystine and Derivatives 


cyanine and indigo tetrasulfonate, both being reactions which 
result in nearly 100 per cent reduction of the dye for the concen- 
trations used, show differences between the kinetics for the iron- 
catalyzed and cyanide-inhibited reactions which are quite definite 
but far smaller than for the aerobic oxidation. As in the experi- 
ments of Barron and Hoffman (28) with biological systems, the 
more positive the potential of a dye, the more rapidly it is de- 
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Fic. 8. Decolorization of indigo tetrasulfonate by —SH compounds. 
pH 7.15; molar concentration ratio 20:1; 0.00001 m Fe+*+*. Curve I, cys- 
teine; Curve II, cysteine + NaCN; Curve III, formyleysteine; Curve IV, 
glutathione; Curve V, thioglycolic acid; Curve VI, benzenesulfonyl- 
cysteine. 


colorized. Thus brilliant cresyl blue (Z’o = +0.04) was com- 
pletely reduced in less than 5 minutes, under conditions in which 
the above indicators (Z’) = —0.132 to —0.260) required several 
hours. 

Experiments were carried out in order to compare the rates 
at which various —SH compounds reacted anaerobically with the 
oxidized dyes. Results with formyleysteine, thioglycolic acid, 
reduced glutathione, and benzenesulfonylcysteine with indigo 
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tetrasulfonate are plotted in Fig. 8. The effect-of substitution 
upon the velocity of these reactions is not unlike that in the 
autoxidation experiments. 

One of the arguments for the irreversibility of the cystine- 
cysteine system was the fact that there was no oxidation-reduc- 
tion indicator which cysteine would not reduce (17). The findings 
of Kendall and Nord (29), on the basis of which they claimed that 
indigo disulfonate was such a dye, were shown by Dixon and 



































TABLE V 
Potentials of Cysteine 
Equilibrium 
Time ar! 
Indicator pH | re- oie _| Bold) | Bole) 
quired Oxi- | Re- 
dized |duced 
hrs. aunt pan volt volt 
Indigo disulfonate.................| 7.15/106.5 | 4.0) 96.0)/—0.132|—0.227 
Gallophenine...................... 190.5 | 11.8} 88.2)/—0.151|—0.229 
Brilliant alizarin blue............. 118.25) 35.4) 64.6|—0.182|—0.236 
I cc's ances weiss once 74.5 | 95.0) 5.0|—0.260)—0.234 
Gallophenine......................| 7.55]121 25.1) 74.9|—0.175| —0.239 
Brilliant alizarin blue............. 79 54.7) 45.3|—0.206|—0.245 
Gallophenine......................| 8.10) 74.5 | 31.5} 68.5|—0.208)—0.266 
Brilliant alizarin blue............. 64.5 | 47.3) 52.7|—0.230)|—0.275 
Gallophenine......................| 8.60) 57.75) 34.8] 65.2|/—0.238)—0.293 
Brilliant alizarin blue............. 45.5 | 64.6) 35.4/—0.256)—0.285 
Gallophenine......................| 9.20) 41 49.0) 51.0|—0.273| —0.320 
Brilliant alizarin blue............. 31 70.0} 30.0|—0.290| —0.315 








Concentration of cysteine, 0.001 -m; concentration of dye, 0.00005 m; 
temperature, 25°; phosphate and borate buffers employed. 


Tunnicliffe (30) to be due to admixture of oxygen in the nitrogen 
used. Our experiments are in agreement with Dixon’s criticism, 
for it was found that indigo disulfonate is almost entirely reduced 
by cysteine at pH 7.15 if the ratio of concentrations of cysteine 
to dye is 20:1. However, dyes of much more negative potential, 
such as rosinduline or methyl viologen, are really incapable of 
appreciable reduction by means of cysteine in the above concen- 
tration ratio. Four of the dyes listed above, namely gallophenine, 
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brilliant alizarin blue, phenosafranine, and indigo disulfonate, 
gave with cysteine equilibria which yielded essentially identical 
values for E’, (s) at equal pH levels (Table V). 























TaBLe VI 
Ozxidation-Reduction Potentials of Cysteine Derivatives 
Equilibrium 
concentra- 
Time | tion of dye 
—SH compound Indicator “ese 
quired 3 3 
Bs | $s 
bre, | Pe, | ent | volt 
Thioglycolic acid Gallophenine 260 | 12.0/88.0|—0.229 
Brilliant alizarin blue | 175 | 31.0/69.0|/—0.240 
Phenosafranine 72.5) 94.5) 5.5)—0.236 
Glutathione Gallophenine 190 9.2/90.8) —0. 233 
Brilliant alizarin blue | 179 | 35.0/65.0)—0.237 
Formylcysteine Gallophenine 166 | 10.5/89.5|—0.231 
Brilliant alizarin blue | 167 | 37.0/63.0)—0.232 
Benzenesulfonylcysteine | Gallophenine 245 76/92. 4) —0. 236 





Concentration of —SH compound, 0.001 m; concentration of dye, 
0.00005 m; pH, 7.15; temperature, 25°. 


Tasie VII 
Effect of Fe+*+* on Rate of Attainment of Equilibrium 











. . Equilibrium concentration of dye 
Fe*** concentration Time finned reach 
Oxidized Reduced 
u hrs. per cent per cent 
None added 297 15 85 
5 X 107° 226 12 88 
1 xX 10-5 192 14.5 85.5 














Cysteine, 0.001 m; gallophenine, 0.00005 m; pH, 7.15; temperature, 25°. 


Analogous experiments with thioglycolic acid, glutathione, 
formyleysteine, and benzenesulfonyleysteine (Table VI) showed 
that while the time required for the establishment of definite 
equilibria varied greatly with individual sulfhydryl compounds, 
the characteristic potentials of all fell within close limits. It 
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appears that the portion of the molecule attached to the —SH 
group exerts but little effect on the oxidation-reduction potential. 
A similar conclusion was reached by Ghosh et al. (18), employing 
electrolytic methods. 

The dependence of the equilibrium upon metallic catalysts 
was studied by introducing small amounts of ferric iron into the 
gallophenine-cysteine system. The rate of attainment of equilib- 
rium was slightly increased, but the equilibrium value was es- 
sentially unchanged (Table VII). 

To test the conclusion that the reaction R-SH=R—S—S—R 
is truly reversible, the interaction of disulfides and leuco dyes 


























Tasie VIII 
Reaction of Disulfide Compounds with Leuco Indicators 
ry 
‘ concen B'o(s) 
Time 
—SS— compound Indicator (leuco) ~—h Nacncietanen E'o(s) — a 
quired —- 
Oxi- | Re- rection 
dised |duced 
min. ee } mat volt volt 
Cystine Indigo disulfonate | 60 | 69.0) 31.0|—0.220) —0.227 
Gallophenine 10 | 81.1) 18.9|—0.227) —0.229 
Dithiodiglycolic Indigo disulfonate | 45 | 72.6) 27.4;—0.215 
acid Gallophenine 10 | 81.0) 19.0|—0.227| —0.229 
Formyleystine Indigo disulfonate | 30 | 69.7) 30.3)/—0.219 
Gallophenine 10 | 74.0) 26.0|—0.235) —0.231 








Concentration of —SS— compound, 0.00005 mM; concentration of leuco 
dye, 0.00005 m; pH, 7.15; temperature, 25°. 


was studied, with the technique reported for the case of ascorbic 
acid (21). It is evident from’ the data presented in Table VIII 
that the potentials obtained by approaching equilibrium in the 
reaction 2R—SH + D,—=R-—S—S—R + D, from either direction 
are the same. As was to be expected from its low potential, the 
reduced methyl viologen* was completely oxidized by the —SS— 
compounds, total decolorization occurring with formylcystine, 


* With methyl viologen at pH 7.4 complete reduction could not be ob- 
tained by the catalytic method; comparison with a solution of methyl vio- 
logen of equal concentration reduced with excess NayS;0, showed that 
approximately only 75 per cent had been reduced by Hg. 
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dithiodiglycolic acid, and oxidized glutathione within 10 minutes 
of the start of the reaction. 

The reversibility of the system was further tested by altering 
the concentration ratios of sulfhydryl compound and dye, by 
employing the reaction of cysteine with phenosafranine. The 
results are given in Table IX. 











o 1 | eee 
pH 8 9 10 


Fic. 9. pH dependence of oxidation-reduction potential of cysteine 














Tastes 1X 
Effect of Concentration Change on Potential 
Equilibrium concentration of dye 
Cysteine concentration oe E's) 
Oxidized Reduced 
7 samp cent = on cent . volt 
1 xX 107° 95 5 —0.234 
3 X 107% 89.7 10.3 —0.224 
4x 10°° 84.6 15.4 —0.228 
5 X 107% 77.1 22.9 —0.234 














Phenosafranine, 5 X 10-5 m; pH, 7.15; temperature, 25°. 


The variation of the potential with pH in the case of cysteine 
is summarized in Fig. 9 from which it will be seen that the experi- 
mentally determined values agree satisfactorily with the curve 
calculated from the values for the dissociation constants of cysteine 
and cystine (15). According to Ghosh the reversibility of the 
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—SH—SS— system is established only on the alkaline side of 
pH 7 and is attained only when the —SH groups begin to dis- 
sociate. The complete experimental study of the pH dependence 
by the method employed in these experiments was prevented by 
the extreme slowness of the reaction between sulfhydryl groups 
and the oxidized dyes on the acid side of pH 7. 

The potentials found for the —SH—SS— system by means 
of the oxidation-reduction indicators are much more positive 
than those obtained by Michaelis, Ghosh, or Green by the elec- 
trometric method. Since a definite interpretation of the processes 
occurring at a metallic electrode in the presence of the —SH—SS— 
system is still lacking, this discrepancy cannot be satisfactorily 
explained. 

EXPERIMENTAL 


The sulfur lability was determined by the method described 
by Clarke and Inouye (1). Unless otherwise stated, the tem- 
perature was 25°. The concentration of the disulfide compounds 
was 0.025 m and that of the sulfhydryl compounds 0.05 m. 

Diformyleystine—12 gm. of cystine were mixed with 60 gm. 
of formic acid (95 to 99 per cent) and refluxed on the water bath 
for 33 hours. Solution took about 1 hour with gradual browning. 
The reaction mixture was then placed in the ice chest, and after 
9 days the crystalline precipitate which had formed was filtered 
off and recrystallized from hot water. M.p. 185-186° (uncor- 
rected); yield 65 per cent of the theoretical. The yield was 
raised to 87 per cent by allowing the filtrate to stand at 0—5° for 
2 weeks. 

The same product was formed by the action of 30 cc. of acetic 
anhydride upon a solution of. 6.0. gm. of cystine in 90 ec. of 90 
per cent formic acid; after being allowed to stand for 2 hours at 
room temperature the mixture was diluted with water and evapo- 
rated to dryness under reduced pressure. The colorless, crystal- 
line residue, after being washed with a little cold water, weighed 
5.2 gm. It was recrystallized from 60 cc. of water; yield 3.0 gm. 
M.p. 187-188° (uncorrected) with decomposition. 


Analysis 
CsH,,.0.N.8:. Calculated. N 9.46, 8 21.60, neutralization equivalent 148 

Found. “9.41, 9.24,821.54, “ us 147 
[a], = —162.1° (1.0 per cent in N NaOH) 
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Diacetyleystine—Great difficulty has been reported (31, 32) 
in obtaining pure diacetyleystine. This method, while it does 
not yield a crystalline product, insures freedom from inorganic 
salts. 

To a suspension of 4 gm. of cystine in 30 cc. of water at 95-100°, 
20 cc. of acetic anhydride were added dropwise with stirring over a 
period of 45 minutes. The solution was allowed to stand over- 
night, the unchanged cystine (3 gm.) was filtered off, and the 
filtrate evaporated to a syrup under reduced pressure at 40°. 
This procedure was repeated with the recovered cystine; the 
syrups were collected and dried in the oven at 95° for 3 hours. 
On allowing it to stand at room temperature in a desiccator a 
brittle mass resulted. The yield was 3.4 gm. 


Analysis—CiwHyN20.S2. Calculated. N 8.64, 8 19.76 
Found. “ 8.23 “ 18.98 


For the sulfur lability determinations it was considered to be 
95.2 per cent pure. When treated with ethyl alcohol it gave 
needle-like crystals of acetyleystine ethyl ester, m.p. 122°. 

A small amount was dissolved in water and boiled with acid- 
washed norit for 10 minutes. The colorless filtrate was evaporated 
under reduced pressure to a syrup and dried at 100°. The slightly 
yellowish solid had {aj} = —71.1° (1.5 per cent in water). 

Little racemization occurred during the synthesis; the cystine 
recovered after hydrolysis by boiling for 3 days with 20 per cent 
HCl had [a}?* = —185° (in n HCl). 

Dichloroacetyleystine—Prepared by the method of Pirie (33). 
M.p. 136-138°. [al,, = —115.4° (3 per cent in Nn NaOH). 

Diglycylceystine—By the method of Pirie (33). M.p. 197—199° 
(decomposition). [al;, = —87.7° (0.7 per cent in n NaOH). 

Di-a-bromopropionyleystine—By the method of Abderhalden 
(34). M.p. 145-146.5°.  [aJ;!, = —93.4° (0.7 per cent n NaOH). 

Dialanyleystine—By the method of Abderhalden (34). M.p. 
206° (browning). [al., = —180.2° (0.5 per cent in Nn NaOH). 

Dialanyleystine Anhydride—By the method of Bergmann and 
Stather (2). 

Ditrichloroacetylcystine—To a solution of 4.8 gm. of cystine in 
50 cc. of Nn NaOH, 8.8 gm. of trichloroacetyl chloride and 70 ce. 
of n NaOH were added in small portions with continuous stirring 
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and cooling below 5°. The addition took about 20 minutes. The 
mixture was allowed to stand 1 hour at room temperature; it was 
then acidified with 16 cc. of concentrated HCl, filtered, and ex- 
tracted with four 25 ce. portions of ethyl acetate. After drying 
with anhydrous Na,SO,, the ethyl acetate was distilled off under 
reduced pressure till about 10 cc. were left. Ligroin was added; 
after standing in the ice chest for a week the gummy mass which 
had precipitated began to crystallize in large needles growing 
from a center. These were filtered off and recrystallized from 
ethyl acetate and ligroin. Yield 2.1 gm. M.p. 79-81° (de- 
composition). [alj,, = —15.2° (2.5 per cent in n NaOH). 


Analysis—C,oHioN2068:Cls. Calculated. C 22.09, H 1.88, N 5.28 
Found. “ 22.60 “ 2.02 “ 5.37 


Cystine Phenylhydantoic Acid—By the method of Gortner and 
Hoffman (35). M.p. 148-149°. [a], = —54.1° (2.0 per cent 
in N NaOH). 

Cystine Phenylhydantoin—By the method of Shiple and Sherwin 
(36). M.p. 117-118°. 

Dibenzenesulfonylcystine—To a solution of 24 gm. of cystine 
in 500 cc. of water and 30 cc. of 8 N NaOH, 40 gm. of benzene- 
sulfonyl chloride and 50 ec. of 8 n NaOH were added with stirring. 
After 3 hours the solution was filtered and glacial acetic acid 
(22 ce.) was added to incipient precipitation. The solution was 
decolorized with norit, strongly acidified with 40 ce. of concen- 
trated HCl, and placed in an ice chest. The solid (44 gm., 
81 per cent theory) was recrystallized from a mixture of acetone 
and ethylene chloride. Fine needles, m.p. 213-214°. [ali, = 
+88.2° (0.4 per cent in N NaOH). 


Analysis— 
CisHaoN203S,. Calculated. Cc 41.54, H 3.85, N 5.38, Ss 24.61 
Found. “ 41.96, “ 3.98, “ 5.33 (Kjeldahl), 8 24.59 
“ 41.99, “ 4.28, “ 5.30 - “ 24.38 
“ 5.36 (Dumas) 
“ 5 55 “ 


Di-N-methyldibenzenesulfonyleystine—A solution of 5.2 gm. of 
dibenzenesulfonyleystine in 50 cc. of 2 N NaOH was stirred with 
4.9 cc. of dimethyl sulfate; the temperature rose to 35-40°. The 
clear solution was acidified with dilute H,SO,; the oily precipitate, 
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which did not crystallize on long standing at 0°, was repeatedly 
washed with water, dried, dissolved in a mixture of acetone and 
CHC, filtered, and dried to constant weight. 


Analysis—C2oH2sN203Ss. Calculated. N 5.11, S 23.30 
Found (corrected for ash). “ 5.16, “ 22.68 


On boiling this material for 124 hours with a mixture of equal 
volumes of concentrated hydrochloric and acetic acids, the only 
crystalline product secured was methylamine benzenesulfonate. 

Di-N-benzyldibenzenesulfonylcystine—A mixture of 5.2 gm. of 
dibenzenesulfonyleystine, 34 cc. of ethyl alcohol, 5 cc. of benzyl 
chloride, and 6 ec. of 8 Nn NaOH was boiled gently under a reflux. 
After 5 minutes boiling, solution was complete; a further 5 ce. of 
benzyl chloride and 6 ec. of alkali were added, and the boiling 
was continued for 50 minutes. The alcohol was evaporated off, 
and the benzyl derivative was thrown out by the addition of 
acetic acid. The product did not crystallize. 


Analysis—C3,H32N20;S,. Calculated. N 4.00, 8 18.35 
Found (corrected for ash). “ 3.80, “16.86 


Dibenzylidenecystine—The barium salt was prepared by the 
method of Bergmann and Zervas (37). For lability determination, 
an aqueous solution of the salt was treated with the calculated 
amount of K:,CO;, filtered, and made up to the standard concen- 
tration with NaOH and PbO. The precipitates of PbS were 
washed with acetic acid to remove any remaining barium before 
estimation. 

Dicarbobenzoxycysline—By the method of Bergmann and Zervas 
(38). 

Oxidized Glutathione—A solution of 0.303 gm. of reduced gluta- 
thione in 10 cc. of water previously made slightly alkaline with 
K,CO; was treated with a trace of FeSO, and aerated until the 
nitroprusside test was negative (24 hours). The volume was 
made up again to 10 ec. and the solution mixed with 10 ce. of 
plumbite in 2 n NaOH. 

Diaminodiethyldisulfide—A sample of the hydrochloride kindly 
furnished by Dr. R. J. Block had a melting point of 214° (liter- 
ature, 204°). 


Analysis—Cl found, 31.3; calculated, 31.3 
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Dithiodihydracrylic Acid—By the method of Biilman (39). 

In studying the sulfur lability in the cysteine series, the com- 
pound was dissolved in plumbite solution which had previously 
been boiled to remove Os, and a stream of N» was passed through. 
5 cc. samples were pipetted into test-tubes (thoroughly washed 
with N2) drawn out to a thin neck. The solution was drawn into 
the lower part of the tube by alternately warming and cooling the 
tube. The neck was then sealed off and the tubes placed in the 
thermostat at 25°. 

Cysteine HCl—Eastman preparation, m.p. 170-171°. 

Acetyleysteine—By the method of Pirie (33). M.p. 104.5°. 

Formylcysteine—To a suspension of 1 gm. of diformyleystine 
in 50 ec. of 5 per cent formic acid, 1 gm. of Zn dust was added. 
After 12 hours the Zn was filtered off, 5 cc. of 10 per cent H.SO, 
were added, followed by cuprous oxide. The rest of the procedure 
was similar to that for acetyleysteine. M.p. 87-89° (efferves- 
cence). Yield 0.4 gm. For the I, titration, 21.723 mg. required 
1.536 ec. of 0.1 N Iy, theory 1.47 ce. 

Chloroacetyleysteine and a-Bromopropionylcysteine—By the 
method of Pirie (33). 

Benzenesulfonylcysteine—A solution of 2 gm. of dibenzene- 
sulfonyleystine in 25 ec. of 0.25 Nn NaOH was stirred for 3 hours 
with 1 gm. of Zn dust, filtered, and exactly neutralized with 
dilute HCl. The precipitated Zn(OH). was centrifuged off and 
the solution evaporated under reduced pressure. As the volume 
decreased, pyramidal crystals separated out. M.p. 136-138°. 


Analysis—C 3H ,,NO.. Calculated. Cc 40.60, H 4.21 
Found. “ 40.49, “ 4.31 


For the I, titration, 10.80 mg. required 0.256 ce. of 0.1 N Is, theory 
0.250 ce. 


SUMMARY 


1. The introduction of acyl radicals into the amino groups of 
cystine and cysteine increases the initial lability of the sulfur 
towards alkali and inhibits the labilizing action of pyruvate. The 
effect of acylation on the rate of decomposition varies with the 
negativity of the group. Dibenzenesulfonylcystine is relatively 
stable towards alkali; its N-alkyl derivatives are less so. Ring 
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formation markedly increases lability. In diaminodiethyldi- 
sulfide, dithiodihydracrylic acid, and homocystine the sulfur is+ 
labile to alkali, but to an even smaller degree than with dibenzene- 
sulfonylcystine. 

2. The influence of acyl groups on the rate of autoxidation of 
cysteine derivatives is qualitatively similar to that on the lability 
towards alkali of the corresponding derivatives of cystine. 

3. The sulfhydryl-disulfide system satisfies the requirements 
for thermodynamic reversibility in the reaction with reversible 
oxidation-reduction indicators at pH 7 and higher. In all in- 
stances studied the potentials have substantially the same value; 
namely, about 0.23 volt at pH 7. Equilibrium in the reaction 
between sulfhydryl compounds and dyes in their oxidized form 
is attained much more slowly than in the reverse direction. The 
rate of reaction between substituted cysteines and the dyes varies 
with the character of the substituent. 
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A ZINC HYDROXIDE POWDER FOR THE PREPARATION 
OF PROTEIN-FREE FILTRATES OF BLOOD 


By T. V. LETONOFF 
(From the Laboratory of the Division of Metabolic Diseases of the Phila- 
delphia General Hospital, Philadelphia) 


(Received for publication, May 1, 1934) 


The advantages of colloidal metallic hydroxides as precipitants 
of blood proteins have been presented by Somogyi (1). Of par- 
ticular importance in connection with the analysis of the resulting 
filtrates is the observation that the blood sugar as determined by 
the commonly used copper reduction methods agrees closely with 
the true sugar concentration as measured by yeast fermentation 
procedures. Dry metallic hydroxides (as distinguished from the 
nascent colloidal material formed in Somogyi’s procedure), while 
frequently used as precipitating agents for proteins in connection 
with enzyme studies and in other fields, have not been employed 
for the precipitation of blood proteins. Trial of zinc hydroxide in 
powder form for this purpose indicated that certain preparations 
functioned effectively in removing proteins from blood or serum. 
Not only were the filtrates free from saccharoids so that true 
sugar values were obtained, but because of the simplicity and con- 
venience of application it appeared that such precipitating reagents 
might prove quite useful in connection with blood analysis. This 
would be true particularly where standard solutions are not availa- 
ble or are not readily preserved. Filtrates prepared by the use of 
a properly prepared zinc hydroxide powder were neutral in reac- 
tion, exhibiting remarkable uniformity in this respect. Aside 
from traces of zinc, easily removed if desired, and small quantities 
of acetate, added electrolytes did not appear in the filtrates. The 
reagent may find some use consequently in those instances in which 
the electrolytes used in existing methods for preparing blood fil- 
trates interfere with the analysis. It was, in fact, such a require- 
ment that led originally to the investigation of zine hydroxide 
powder. Advantages offered by the use of this reagent are offset 
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to some extent by its greater cost as compared with the older 
reagents. On the basis of current prices this is about 0.4 cent 
per cc. of blood if the material is prepared in the laboratory. 

The small amount of zine present in the filtrates acts as a pre- 
servative. As a consequence of this preservative action, filtrates 
may be kept at room temperature for many days without change 
in the concentration of sugar or urea. Added to laked blood, zine 
hydroxide prevents glycolysis, hence laked blood may be preserved 
unchanged with respect to these substances simply by the addi- 
tion of small amounts of the zine hydroxide powder. 

The present paper describes the preparation of a zinc hydroxide 
powder suitable for use as a precipitant of blood proteins and its 
application to preparation of protein-free filtrates of whole blood, 
plasma, serum, and cerebrospinal fluid. 


Method 


Whole blood (oxalated) is diluted 1:10 with distilled water and 
is allowed to lake. Approximately 1 gm. of zine hydroxide powder 
is added for each cc. of blood. The solution is shaken well for at 
least 3 minute and allowed to stand for 1 minute. It is then ready 
for filtration. 

Plasma or serum is likewise diluted 1:10 with water. The pro- 
cedure is the same as for whole blood except that approximately 
3 gm. of zinc hydroxide powder are used for each cc. of serum or 
plasma. 

Cerebrospinal fluid, also diluted 1:10, requires only 0.3 gm. of 
zinc hydroxide powder for each cc. of fluid taken. It is advisable 
to use a retentive paper for the preparation of filtrates of plasma, 
serum, or cerebrospinal fluid. 

In any of the procedures other dilutions can be substituted if 
desired, although for most purposes the 1:10 dilution is most con- 
venient. The powder may be measured with sufficient accuracy 
by means of a calibrated spoon. Filtrates prepared in this way 
contain traces of zinc. If desired, it may be removed by adding a 
little sodium carbonate and filtering, although zinc in low concen- 
tration does not interfere with determinations of blood sugar, 
urea, total nitrogen, creatinine, or creatine in whole blood filtrates. 
Furthermore, because of its preservative action the presence of 
some zinc in the filtrates is desirable. If urea is to be determined 
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by digestion with urease, a phosphate buffer should be employed, 
otherwise the urease may precipitate.! 

The satisfactory preparations of zinc hydroxide were made from 
zinc acetate and sodium hydroxide. Zinc sulfate failed to give a 
suitable product. 39.6 gm. of sodium hydroxide in 400 cc. of 
water are added with stirring to 120 gm. of Zn(C.H;0+).-2H:0 in 
1600 cc. of water. After 3 to 5 minutes the precipitate is filtered 
by vacuum and washed with distilled water until the washings 
are neutral to phenol red (about 1 liter of water is required). The 
wet material is dried in air at room temperature on a filter paper 
or porous plate. Drying is complete when constant weight is 
reached and when the material can be powdered readily. It is 
ground to a fine powder in a mortar. The powder that has been 
used passes through an 80 mesh per inch sieve and is largely 
retained by 100 mesh. Yields have averaged 53 gm. for the quan- 
tities given calculated as Zn(OH)2. A sample exposed to air 5 
months in the laboratory retained its original effectiveness as a 
precipitant. 

The powdered material appears to be amorphous, although occa- 
sional particles show evidence of crystalline structure. On heating 
to redness the loss of weight was 28 per cent. Darkening and the 
appearance of fumes during heating suggested the presence of 
acetate. Quantitative analysis for acetate of several preparations 
by distillation in the presence of phosphoric acid (2) demonstrated 
that it was present uniformly to the extent of slightly more than 
10percent. Presumably the acetate is present as a basic zinc ace- 
tate, in which case the material would consist of zinc hydroxide and 
basic zine acetate in the ratio of 4 molecules to 1 molecule. While 
the data available are not sufficient to permit definite statements in 
regard to the chemical nature, analytical figures for preparations 
from different sources are sufficiently consistent to suggest that 
the material is not a mixture. Principally for convenience, the 


1Somewhat larger amounts of zinc hydroxide appear in filtrates of 
plasma or serum than in those of whole blood, and it has been found neces- 
sary to treble the usual quantities of phosphate buffer used in the deter- 
mination of urea in these filtrates. Other buffers than phosphate may be 
used provided that zinc is removed from the filtrate. The method for 
accomplishing this is explained in the text. Figures for creatinine in 
plasma filtrates are slightly lower than in tungstic acid filtrates. 
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writer has retained the term zine hydroxide, although many 
authorities, it is realized, consider hydrated zinc oxide to be more 
accurate. Laboratory preparations that deviated from the pro- 
portions recommended, as well as ordinary commercial prepara- 
tions of zinc hydroxide, were found to be unsatisfactory. A 
suitable zinc hydroxide preparation is now available.? 

The quantity of reagent used for whole blood protein precipita- 
tion can be varied over fairly wide limits without affecting the 
analytical results. It was found that 0.7 gm. to 1.5 gm. of the 
zinc hydroxide powder would yield filtrates negative for protein 
when tested with 10 per cent trichloroacetic acid and saturated 
picric acid. Less than 0.7 gm. or more than 1.5 gm. gave filtrates 
containing traces of protein. For plasma or serum, at least 2.5 gm. 
of zinc hydroxide powder per cc. are required to obtain filtrates 
free from protein. There appears to be no upper limit in this 
instance. The procedure as described has been used successfully 
for precipitating proteins of normal and pathological human blood, 
as well as that of rabbits and rats. Protein-free filtrates were 
obtained also from horse serum. 

The filtrates seem to keep indefinitely so far as concentration of 
sugar and urea is concerned. Furthermore, the concentration of 
sugar in laked blood remains unchanged for many days provided 
0.1 to 0.2 gm. or more of zinc hydroxide powder for each ce. of 
blood is added after the cells are laked. Ordinarily, if the filtra- 
tion is to be delayed for a few days it is preferable to add 0.2 gm. 
to the laked blood. The remainder is added at the time of filtra- 
tion.* Zine sulfate added to blood likewise prevents glycolysis. 

Sodium oxalate even in excessive amounts (20 mg. per cc. of 
blood) does not affect the precipitating action of zinc hydroxide 
powder. The volume of filtrate obtained is equal to that of tung- 
stic acid filtrates; however, the rate of filtration during the first 
few minutes is slower when zinc hydroxide powder is used. 


? Manufactured by the J. T. Baker Chemical Company, Phillipsburg, 
N. J. The writer is indebted to Dr. E. F. Marsiglio for his cooperation 
in this connection. 

3 When it is mixed with blood, standing overnight at 37° and probably 
long standing at room temperature appears to denature the zinc hydroxide 
so that its precipitating action is partially lost. Consequently, if the blood 
has stood under these conditions with the full amount of precipitant, an 
additional gm. per cc. must be added just previous to filtration, 
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The reducing power of protein-free filtrates of diabetic bloods 
prepared by means of zinc hydroxide powder is compared in 
Table I with that of similar filtrates prepared according to the 
Somogyi (1) and Folin and Wu (3) (tungstic acid) procedures. 
The lowest figures consistently were found in the filtrates from 
the zinc hydroxide powder precipitation. However, reducing sub- 
stance in these filtrates was entirely fermentable in contrast to 
the tungstic acid filtrates which contained considerable amounts 


TaBLe I 


Comparison of Reducing Power of Protein-Free Filtrates of Blood, Prepared 
by Various Procedures, Determined by Folin and Wu Method 


The values are given in mg. of glucose per 100 cc. 











Zine hydroxide powder Somogyi’s zinc hydroxide Tungstic acid 
——¥ Fer- Fer- Fer- 
No. |Total re-| Saccha-| ment- |Total re-| Saccha-| ment- |Total re-/Saccha-| ment- 
duction | roid able | duction! roid able duction | roid able 
sugar sugar sugar 
1 139 0 139 148 6 142 154 15 139 
2 152 0 152 152 0 152 168 17 151 
3 150 0 150 151 0 151 165 16 149 
q 117 0 117 115 0 115 135 17 118 
5 80 0 80 82 0 82 95 15 80 
6 209 0 209 212 3 209 226 18 208 
7 225 0 225 229 4 225 244 19 225 
8 110 0 110 110 0 110 125 16 109 
9 171 0 171 172 0 172 186 14 172 
10 104 0 104 107 4 103 126 23 103 
ll 51 0 51 50 0 50 74 22 52 
































of non-fermentable reducing material. Somogyi’s procedure and 
the proposed method gave similar results. Total reduction values 
in all cases were determined by the Folin and Wu method (4). 
True glucose of the blood filtrates was determined by fermenta- 
tion according to the Somogyi (5) procedure, known amounts of 
glucose being added in the determination of residual reduction 
after fermentation. 

Comparison of the concentrations of reducing substances in 
filtrates of normal bloods prepared by means of the zine hydroxide 
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powder and tungstic acid showed that in the former the values 
found were 14 to 25 mg. below those for the tungstic acid filtrates, 
Similar differences were observed in the filtrates prepared by the 
two methods from the blood of patients in insulin shock. As 
described above, these differences are due to the presence of non- 
fermentable reducing substances in the tungstic acid filtrates, 
while the values found in the zinc hydroxide powder filtrates 
represent true sugar. 

Benedict (6) has reported that the amount of zinc present in 
filtrates prepared by Somogyi’s method was sufficient to diminish 
reduction of the Folin and Wu and Benedict’s copper reagents for 
blood sugar. However, the zinc present in whoie blood, serum, 
or plasma filtrates prepared by means of zinc hydroxide powder 
did not affect the determination of blood sugar by the Folin and 
Wu method; for results were unchanged when zinc was removed 
from the filtrates. Addition of zine sulfate (1 to 5 drops of 1.25 
per cent solution) to standard aqueous solutions of glucose, or 
shaking such solutions with zinc hydroxide powder before deter- 
mining the reducing power, likewise did not influence the results. 

Urea nitrogen (7), creatinine, and creatine (3) determinations in 
filtrates prepared by the new procedure and the tungstic acid 
method agree within the limits of experimental error.! However, 
uric acid is completely removed by zinc hydroxide powder and 
according to Somogyi (8) by his reagent. Coinciding with the 
observation of this author also, is the lower total nitrogen (3) con- 
centration of filtrates prepared by the proposed method as com- 
pared with those prepared by the tungstic acid method. The 
latter contain 6 to 9 mg. per cent more nitrogen than filtrates pre- 
pared by the zinc hydroxide powder method. However, the aver- 
age normal total nitrogen found by Somogyi in filtrates prepared 
by his method appears to be significantly lower than in filtrates 
prepared with the aid of zinc hydroxide powder. Nevertheless, 
the total nitrogen in the latter seems to parallel that of simultane- 
ously prepared tungstic acid filtrates sufficiently well to enable 
the results to be interpreted clinically in the same way as non- 
protein nitrogen. 

SUMMARY 


The preparation of a zinc hydroxide powder suitable for pre- 
cipitation of proteins of whole blood, serum, plasma, and cerebro- 
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spinal fluid is described. The resulting filtrates are free of protein, 
uniformly neutral in reaction, while only small amounts of added 
electrolytes are present. 

Protein-free filtrates prepared by means of this reagent contain 
no saccharoids and yield true values for reducing sugar. Such 
filtrates are suitable also for urea nitrogen, creatinine, and creatine 
determinations. Only traces of uric acid are found. The total 
nitrogen is lower than in filtrates prepared by tungstic acid pre- 
cipitation of proteins, but higher than in filtrates prepared by the 
Somogyi method. 

Because of the preservative action of zinc, concentrations of 
glucose and urea remain unchanged for long periods. Zinc hydrox- 
ide powder added to laked blood prevents glycolysis. 


The author is indebted to Dr. John G. Reinhold for suggestions 
and criticism and for assistance with the manuscript. 
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THE INFLUENCE OF THE REMOVAL OF THE PARATHY- 
ROID GLANDS ON THE DEVELOPMENT OF 
RICKETS IN RATS 


By JAMES H. JONES 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia) 


(Received for publication, July 3, 1934) 


The usual changes in the composition of the blood serum which re- 
sult from the removal of the parathyroid glands are a fall in the con- 
centration of calcium and a rise in the level of inorganic phosphate. 
In rickets due to low phosphorus content somewhat opposite changes 
are observed. When a high calcium-low phosphorus rachitogenic 
diet is fed to rats, there is invariably a fall in phosphate, whereas 
the calcium remains unchanged or rises slightly above normal. 
These observations would seem to indicate that either the removal 
of the parathyroid glands should prevent the development of 
rickets or a rachitogenic diet should prevent the characteristic 
blood changes which usually follow parathyroid removal. Pap- 
penheimer (1) has reported that parathyroidectomized rats develop 
rickets when placed on the Steenbock (2) rickets-producing diet, 
and Shelling (3) has shown that older rats (6 months of age) on 
the same diet do not develop parathyroid tetany. In agreement 
with the lack of tetany the serum calcium and phosphorus were 
approximately normal. The inorganic phosphate was noticeably 
above that usually found in young rats which have been on this 
diet for 2 or 3 weeks. The calcium-phosphorus product was, 
consequently, considerably higher than the minimum which is 
thought to be necessary to prevent the development of rickets in 
rats. Pappenheimer did not report the changes in blood calcium 
and phosphorus of his experimental animals. 

In the following experiments the level of serum calcium and 
phosphorus in young parathyroidectomized rats on a rickets-pro- 
ducing diet has been studied. Furthermore, the degree to which 
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such animals will develop rickets has been compared with the 
degree of rickets produced in control animals on the same diet. 
In addition to the blood studies the degree of calcification was 
determined by a macroscopic examination of the distal ends of 
one radius and ulna from each animal according to the line tech- 
nique, and by ash analysis of the right femur. Simultaneously, 
similar studies were made on parathyroidectomized animals which 
were given the Steenbock stock diet (4) without the whole milk 
supplement. 

Although several series of experiments were conducted, the 
results of only one series will be reported in detail. 

Twenty-six animals from five litters and varying in age from 
25 to 29 days were placed in individual cages. The parathyroid 
glands were removed from twenty-two of these animals on the 
day of segregation. Search was made, in the manner previously 
described (5), for the glands in the small mass of tissue removed. 
All animals were then given the dry portion of the Steenbock stock 
diet from which the CaCO; was omitted. On this diet parathy- 
roidectomized rats will usually develop tetany within 24 to 48 
hours after extirpation of the glands. In this case all twenty-two 
animals showed definite signs of tetany. Of these animals sixteen 
were transferred to a rickets-producing diet and the remaining six 
were given the complete dry portion of the Steenbock stock diet. 
The transference to these diets was made as soon as definite tetany 
was observed, which was never more than 48 hours after ablation 
of the glands. The four animals from which the parathyroid 
glands were not removed were also placed on the rachitogenic diet, 
which is a modification of the Steenbock and Black Diet 2965 (2), 
in which the 76 parts of ground yellow corn were replaced with 
66 parts of commercial yellow corn-meal and 10 parts of wheat 
embryo. This diet contains about half the amount of phosphorus 
present in the Steenbock diet, and under the conditions prevailing 
in our laboratory produces rickets in rats with greater regularity. 
Two of the parathyroidectomized animals (one from the group 
receiving the rachitogenic diet and one from the group receiving 
the stock diet) died within a few days. After 24 days on the 
experimental diets the remaining animals were bled to death. 
The sera were pooled as indicated in Table I and analyzed for cal- 
cium and inorganic phosphorus. The phosphorus was determined 
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on the calcium-free filtrate according to the method of Gunther 
and Greenberg (6). As seen from Table I the results of both 
bone and blood analyses indicate that the parathyroidectomized 
animals on the rachitogenic diet were fully as rachitic as the ani- 


TaBLe I 


Influence of Removal of Parathyroid Glands on Level of Serum Calcium and 
Phosphorus and on Percentage of Femur Ash of Rats 


























Femur ash Serum 
Rat No. 
Weight Caleium |Phosphorus 
mg. per cent > "00 me 
Group I. Parathyroid- 1 28.8 29.7 
ectomized rats on 2 28.7 29.7 11.3 2.1 
rachitogenic diet 3 20.3 26.6 
4 24.5 28.4 
5 24.3 za | 12.5 2.2 
6 16.7 23.5 
7 21.4 29.2 
8 18.4 25.6 10.9 2.5 
9 16.8 25.5 
10 35.0 36.5 
11 17.6 24.3 11.5 2.2 
12 22.1 28.6 
13 31.8 32.5 
14 18.6 25.8 12.1 2.5 
15 21.6 26.7 |} 
Group II. Non-para- 16 40.2 38.2 
thyroidectomized rats 17 24.4 30.1 
on rachitogenic diet 18 21.8 29.1 12.0 2.7 
19 27.9 30.9 
Group III. Parathy- 20 | 98.4 55.0 
roidectomized rats on 21 111.3 54.9 | 7.7 16.4 
stock diet 22 100.2 | 54.8 | 
23 99.5 53.1 
2 6| 116.9 | 53.8 } 12 | A 





mals from which the glands were not removed. The diet appears 
to have completely changed the blood picture from one of para- 
thyroid deficiency to that of low phosphorus rickets. The per- 
centage ash in the femora of the animals from which the para- 
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thyroids were removed was no higher than that of the control 
group. In fact, in this experiment the average ash content of the 
femora of the animals lacking their parathyroids was slightly but 
definitely below that of the group which retained their parathyroid 
glands. Examination of the distal ends of the bones of the fore- 
arm showed a pronounced rachitic condition in both groups of 
animals. No difference between the two groups was detectable 
in this respect. Similarly there was no noticeable difference in 
the growth of the animals of the two groups. 

The results obtained from the parathyroidectomized animals 
which received the stock diet were, as expected, entirely different. 
Blood analyses showed the serum calcium to be considerably below 
normal and the phosphorus considerably above normal. The 
calcium was just slightly above the tetany level. In spite of this 
abnormal calcium and phosphorus concentration in the blood these 
animals grew much better than those of either group on the 
rickets-producing diet and their general appearance was much 
better. As Table I shows the bone ash percentage was high, it 
having increased from approximately 40 per cent to 54 per cent 
in a little over 3 weeks. The ends of the long bones were also 
well calcified. These findings are in agreement with our earlier 
work (5) in which it was shown that if rats are fed a good ration 
with plenty of calcium the removal of the parathyroid glands has 
little effect on the raté of bone growth and development, although 
the serum calcium remains below normal. 

In addition to the above experiments, rats which had already 
developed rickets were parathyroidectomized and continued on 
the rachitogenic ration. Subsequent examination of the long 
bones showed no signs of healing of the rickets. These animals 
did not develop tetany. Results from other similarly conducted 
experiments, the details of which will not be reported, were in 
agreement with those given above. 


SUMMARY 


Young rats from which the parathyroid glands have been re- 
moved, subsequently given a high calcium-low phosphorus ra- 
chitogenic diet, develop rickets as readily as rats from which the 
parathyroid glands have not been removed. The concentrations 
of serum calcium and inorganic phosphorus are those of typical 
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rickets and the percentage ash of the femora is as low as that in 
non-parathyroidectomized rats which have subsisted on the same 
diet for an equal length of time. 

Rats from which the parathyroid glands have been extirpated 
and which were given the dry portion of the Steenbock stock diet 
show a low blood calcium and high blood phosphorus, but grow 
at a fairly rapid rate and show a normal increase in percentage of 
bone ash. 

Removal of the parathyroid glands from rachitic rats does not 
produce any sign of healing of the rickets. 
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STUDIES ON DIGESTIBILITY OF PROTEINS IN VITRO 


VI. SOME PARTIAL CLEAVAGE PRODUCTS FROM PEPTIC 
DIGESTS OF CASEIN 


By D. BREESE JONES anp CHARLES E. F. GERSDORFF 


(From the Protein and Nutrition Division, Bureau of Chemistry and Soils, 
United States Department of Agriculture, Washington) 


(Received for publication, June 19, 1934) 


It was recently shown by the authors (1) that when peptic 
digests of casein were tested for cystine at different intervals by 
the method of Folin and Marenzi (2) there was a rapid rise in 
value, reaching a maximum of 0.40 per cent at the end of 1 hour’s 
digestion. On continued digestion the value had dropped to 0.25 
per cent by the end of 6 hours. Thereafter it remained constant 
up to 18 hours. With acid hydrolysis the rise in value was even 
greater and sharper, reaching 0.55 per cent in 45 minutes. This 
rise in value was then followed within 15 minutes by an abrupt 
drop to 0.43 per cent. On further digestion the value gradually 
decreased, reaching 0.33 per cent by the end of 18 hours, and 
thereafter remaining constant up to 24 hours. 

Inasmuch as it was shown that these values did not represent 
free cystine, their rise and fall were attributed to the effect of 
some compound or compounds other than cystine, or to the pres- 
ence of certain reactive groups in the casein molecule which were 
exposed during the initial stages of the digestion, and which after 
reaching a maximum value were rapidly converted into non-reac- 
tive compounds or groups. 

The interesting observations referred to indicated that far 
reaching changes in the protein had taken place at a very early 
stage in the process of proteolysis. The results suggested that a 
study of the properties and composition of the cleavage products 
isolated at the time when the digests showed the maximum chromo- 
genic values might be of interest in yielding information on the 
nature of the changes that occur during the early stages of the 
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digestion and which might throw some light on the structure of 
the casein molecule. 

In this paper are described the isolation, properties, and com- 
position of three fractions obtained by digesting casein with pepsin 
for 1 hour. 

Striking differences in the amino acid composition of the frac- 
tions were observed. Fractions A and B, which together repre- 
sented 34.6 per cent of the casein, contained no cystine. Prac- 
tically all the cystine of the original casein was recovered in 
Fraction C. On the other hand, 87 per cent of the phosphorus of 
the casein was recovered in Fractions A and B. Other differences, 
although less striking, were observed in the percentages of other 
amino acids, particularly in those of lysine and tryptophane. 

The properties and composition of Fraction A correspond in 
some particulars to those of certain partial cleavage products of 
casein which have been previously described and generally referred 
to as phosphopeptone. 


EXPERIMENTAL 


Material—The casein used in these studies was prepared from 
fresh skim milk according to the method of Van Slyke and Baker 
(3). It was practically free from ash, and contained 15.98 per 
cent nitrogen and 1 per cent phosphorus.' 

Fairchild Brothers and Foster’s pepsin was used in the digestion 
work. 

Digestion—A quantity of casein calculated to represent 30 gm. 
of the ash- and moisture-free protein was suspended in a mixture 
of 375 cc. of 0.1 N hydrochloric acid and 375 cc. of a 0.2 per cent 
solution of pepsin in 0.1 N hydrochloric acid, the ingredients having 
been previously heated separately to 38°. The warm mixture was 
then placed in an incubator and maintained for 1 hour at 38°. 
At the end of the digestion period the digest was heated to 80° 
to inactivate the enzyme, and then immediately cooled. 

When the prewarmed casein and the pepsin-hydrochloric acid 
solution were mixed, the former soon assumed a translucent, gelati- 
nous character. Soon after the digestion had started most of the 
material dissolved, leaving some flocculent, translucent particles 

1 Percentages given in this paper have been calculated on the basis of 
ash- and moisture-free protein. 
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in suspension. Under the conditions of the experiment the quan- 
tity of the material in suspension increased as the digestion pro- 
ceeded, and reached its maximum formation at about the end of 
an hour. 

Fraction A—The flocculent suspension present in the digest was 
readily separated by centrifugation. After decanting the super- 
natunt liquid, the precipitate was stirred in the centrifuge cup 
with distilled water until a fine suspension was obtained, and the 
mixture was again centrifuged. The washing of the product in 
this manner was repeated five times. It was then similarly washed 
several times with 95 per cent alcohol, and was finally dried by 
treatme.: first with absolute alcohol and then with ether. This 
preparation, designated Fraction A, consisted of a fine, white 
powder which amounted to 21.9 per cent of the casein taken for 
digestion. It contained 15.29 per cent nitrogen and 2.56 per cent 
phosphorus. 

Fraction B—The original supernatant liquid decanted from Frac- 
tion A, the aqueous washings, and the first two alcoholic washings 
were combined, and the total adjusted to pH 6 by addition of 
dilute sodium hydroxide solution, it having been determined by 
preliminary tests that the maximum precipitation occurred at this 
pH. The finely divided material which precipitated was sepa- 
rated by centrifugation, and was washed and dried in the manner 
described for Fraction A, except that the water used for washing 
had been brought to pH 6 by addition of acetic acid. The white 
powder thus obtained, designated Fraction B, represented 12.7 per 
cent of the casein used for the digestion. It contained 15.25 per 
cent nitrogen and 2.45 per cent phosphorus. 

Fraction C—The centrifugate from Fraction B was combined 
with the subsequent washings,-and the volume was reduced to 
about 200 cc. by distillation under diminished pressure. The 
liquid was then transferred quantitatively to a 250 cc. volumetric 
flask, and the volume brought up to the mark with distilled water. 
The difference between the weight of the casein taken for the 
digestion (30 gm.) and the combined weights of Fractions A and B 
was 19.62 gm., which represents 65.4 per cent of the casein. This 
fraction is hereafter referred to as Fraction C. Calculated on the 
basis of 19.62 gm. as the weight of this fraction, the material con- 
tained 16.23 per cent nitrogen and 0.06 per cent phosphorus. In 
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the calculation of these figures no account has been taken of the 
elements of water which may have entered into the reaction as 
the result of hydrolysis. However, it is not believed that this 
has any significant effect upon the accuracy of the analytical 
values given. The fractions studied represent products formed 
at a very early stage of digestion, probably before any appreciable 
severance of peptide linkages had occurred, and involving little, 
if any, hydrolysis. 


TaB.e [ 


Distribution of Nitrogen in Fractions Separated at End of 1 Hour’s Peptic 
Digestion of Casein (Expressed in Percentages of Total Nitrogen)* 























Nitrogen Fraction A | Fraction B| FractionC} Casein 
per cent per cent per cent per cent 
Ee Fe init Fie eee AR 12.10 10.56 11.29 11.46 
Humin “ adsorbed by lime....... 0.74 0.89 2.46 1.03 
. ‘in amyl alcohol-ether 
TS 0.09 0.20 0.15 0.16 
NT oo ani iid, cabela de Ges ake 7.95 8.67 10.87 11.47 
ka ihe paras Big ep easy: 0.76 0.89 0.82 0.89 
A 2, 29) ois Sdsdecbeces 4.98 5.35 7.21 6.01 
IEF Us 5A uind slngka seed 10.05 13.43 5.34 6.18 
Amino N of filtrate............... 60.39 55.82 22.48 59.64 
Non-amino N of filtrate........... 4.37 5.24 38.65 2.25 
Total N regained................ 101.43 | 101.05 99.27 99.09 





* Nitrogen figures are corrected for the solubilities of the phospho- 
tungstates of the bases. They represent the average results of closely 
agreeing duplicate determinations. 


Distribution of Nitrogen in Fractions A, B, and C—Duplicate 
samples of Fractions A, B, and C, representing respectively 3.0, 
2.0, and 3.1079 gm. of the ash- and moisture-free substances were 
hydrolyzed by boiling for 30 hours with 60 cc. of 20 per cent 
hydrochloric acid. The distribution of nitrogen in the hydroly- 
sates was made according to the Van Slyke method. In order to 
have corresponding data on the casein which was used, for the 
purpose of comparison, analyses were similarly made on duplicate 
samples of 3 gm. of the casein, each containing 0.4794 gm. of 
nitrogen. The results of the analyses, expressed in percentages 
of the total nitrogen, are given in Table I. 
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Amino Acids in Fractions—The percentages of amino acids in 
Fractions A, B, and C, and in the casein are given in Table II. 
The percentages of nitrogen and phosphorus are also included. 
The figures for arginine, histidine, and lysine were calculated from 
the results obtained by the Van Slyke analyses for distribution of 
nitrogen as given in Table I. 

Tryptophane was determined by the method of May and Rose 
(4), slightly modified as previously described (5). 

The determination of cystine was made by the Sullivan method 


- (6), and that of tyrosine by the method of Folin and Ciocalteu (7). 


TaBLe II 


Amino Acid Content of Fractions from Peptic Digest of Casein (Percentages 
Corrected for Moisture and Ash in Proteins) 























Bae, | Bram, | Fr; [camin| Method 
per cent|per cent|per cent|per cent 
Cystine....... (iam tokee sad 0.00} 0.00) 0.48) 0.33) Sullivan 
NL dina mph dearnes uae abe 3.78} 4.11) 5.48) 5.70) Van Slyke 
UR rR el 2.81) 3.01) 4.32) 3.54 ° 
ik onacan oy cone 8.02) 10.68) 4.52) 5.15 - 
WS lo ceucenancs cee 4.78} 5.59) 8.76) 7.49) Folin-Ciocalteu 
po eee 0.46; 1.17) 3.03) 2.23) May-Rose 
Res ee ee ee 15.29) 15.25) 16.23) 15.98 
Ele ESAT ge 2.56} 2.45) 0.06) 1.00 





The most striking differences found in the composition of the 
three fractions lie in their cystine and phosphorus content. Al- 
though Fractions A and B gave. positive tests for sulfur by the 
sodium nitroprusside reaction, no trace of cystine could be detected 
in these fractions. Practically all the cystine contained in the 
casein taken for the digestion was recovered in Fraction C. On 
the other hand, over four-fifths of the phosphorus of the casein 
was found in Fractions A and B. 

Other marked differences, although less striking, differentiate 
Fraction C from Fractions A and B, particularly the percentages 
of tryptophane, tyrosine, and lysine. 

Although Fractions A and B are very similar with respect to 
their content of cystine, arginine, histidine, nitrogen, and phos- 
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phorus, the differences found in the values for lysine, tyrosine, 
and particularly tryptophane are believed to justify the conclu- 
sion that these two fractions are different substances. It is not 
unlikely that Fraction B consists of a mixture of several substances 
precipitated together from the filtrate from Fraction A at pH 6. 
The properties of Fraction A as well as its behavior on formation 
and separation indicate that it represents a definite cleavage 
product. 
Taste III 


Showing Distribution of Amino Acids of Casein Among Three Digestion 
Fractions (Digestion Period, 1 Hour) 























Fraction A | Fraction B | Fraction C os 

per cent per cent per cent per cent 

iss cos aed KLAWS RE OAS 0.00 0.00 95.13 95.13 
ea RIS fe CPN rere sh 14.52 9.16 62.88 86.56 
CS ae soc Ane ice Cee iain Wille’ 17.38 10.80 79.81 107.99 
Lysine...... 5 ee eee 34.10 26.34 57.40 117.74 
ee fe 9.48 76.49 99.95 
eer 4.52 6.66 88.86 | 100.04 
0, Pe eee 56.06 31.12 3.92 91.10 

TasBie IV 


Color Values on Fractions A, B, and C Expressed in Terms of Cystine As 
Determined by Folin and Marenzi Method 








Fraction Hydrolyzed Unhydrolyzed 
per cent per cent 
A 0.149 0.17 
B 0.38 0.68 
Cc 0.323 0.40 











Table III shows how the amino acids and phosphorus of the 
casein were distributed between the three digestion fractions. It 
is of interest to note that, besides cystine, practically 95 per cent 
of which was recovered in Fraction C, 80 per cent of the histidine, 
76.5 per cent of the tyrosine, and nearly 89 per cent of the trypto- 
phane of the casein were also found in this soluble fraction, but 
only 4 per cent of the phosphorus. 
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Cystine determinations were made on Fractions A, B, and C 
also by the Folin and Marenzi method, both after the fractions 
had been hydrolyzed by boiling with 20 per cent hydrochloric 
acid for 18 hours and also on the fractions without first subjecting 
them to hydrolysis. For the determinations on the unhydrolyzed 
material, Fractions A and B were first dissolved in dilute sodium 
carbonate solution and the solution was slightly acidified with 
hydrochloric acid. The resulting finely divided suspension was 
diluted with distilled water to a definite volume and uniform 
samples were tested according to the Folin and Marenzi method. 
The aqueous solution of Fraction C was tested directly. The 
results are shown in Table IV. 

The sum of the chromogenic values found for the unhydrolyzed 
fractions when calculated on the basis of the proportionate quanti- 
ties of the fractions isolated from the casein amounted to a cystine- 
equivalent value of 0.39 per cent. This value agrees closely with 
that previously found (1) in the total peptic digest at the end of 1 
hour’s digestion. As pointed out, these values do not represent 
free cystine, but are to be ascribed to the effect of some compound 
or compounds other than cystine, or to that of certain reactive 
groups in the casein which are exposed during the early stages of 
the digestion. 

The determinations made on the hydrolyzed fractions gave a 
combined value, similarly calculated, of 0.29 per cent. This value 
is in fairly close agreement with the cystine content of the casein 
used for the digestion. 

A number of investigators (8-11) have described the separation 
and properties of partial cleavage products formed when casein is 
digested with pepsin or trypsin. Some of these products corre- 
spond rather closely with our Fraction A. They have been vari- 
ously termed “paranuclein,’”’ “pseudonuclein,” “phosphopolypep- 
tide,”’ “lactotyrine,” and “phosphopeptone.” 

Posternak (12) reported the isolation of a product from a peptic 
digest of casein which on hydrolysis gave glutamic acid, aspartic 
acid, isoleucine, serine, and phosphoric acid. 

Rimington (13) obtained by tryptic digestion of casein a phos- 
phopeptone which on hydrolysis with 20 per cent hydrochloric 
acid yielded products which had the composition and properties 
of hydroxyglutamic acid, hydroxyaminobutyric acid, serine, and 
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phosphoric acid. He was unable to detect the presence of any 
other amino acid. On the basis of this analysis he constructed a 
hypothetical structural formula for the phosphopeptone. 

Holter, Linderstr@ém-Lang, and Funder (14) point out that the 
special character of peptic casein digestion lies in the temporary 
separation of an intermediate product, phosphopeptone. They 
observed that during peptic digestion of casein there is at first a 
decrease in viscosity, then an increase to a maximum which coin- 
cides with the separation of a coagulum in the digestion mixture. 
The viscosity maximum is due to the separation of an insoluble 
phosphopeptone, separating first as a gel, which soon flocculates. 
By treating casein for 10 to 15 minutes with successive portions 
of 60 per cent alcoholic hydrochloric acid (0.002 nN to 0.001 Nn 
hydrochloric acid) at 60—70°, they obtained three fractions, one 
of which, insoluble in the reaction mixture and high in phosphorus 
content, had properties similar in some respects to the phospho- 
peptone formed from casein by the action of pepsin as described 
by them. 

Levene and Hill (15) isolated a phosphopeptone (dipeptide) 
from a tryptic digest of casein. On hydrolysis with hydrochloric 
acid it yielded glutamic acid, serine, and phosphoric acid. A 
similar product was obtained by Schmidt (16), but which also 
contained leucine. 

Grabar (17) obtained from a tryptic digest of casein a product 
precipitable by trichloroacetic acid, having 13.1 per cent nitrogen. 
A test for tryptophane gave negative results, but the Millon test 
showed the presence of a trace of tyrosine. 

Inasmuch as the phosphopeptone is decomposed by further 
action of pepsin, and its composition is continually changing, 
direct comparison of the products described cannot be made, nor 
is it at all likely that any one of them is identical with another. 
Some of the products described as having only a few amino acids 
are apparently much simpler than Fraction A described in this 
paper. They doubtless represent products of a more advanced 
stage of hydrolysis. It is of interest to point out a certain correla- 
tion between the composition of the fractions separated by Linder- 
strém-Lang (18) by the action of alcoholic hydrochloric acid and 
that of Fractions A, B, and C described in this paper. Those 
which contained the most phosphorus had also the highest content 
of tryptophane, tyrosine, histidine, and arginine. 
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The ease with which casein can be resolved into various fractions 
differing characteristically from one another, such as those de- 
scribed in this paper, strongly supports Sérensen’s conception that 
soluble proteins represent reversibly dissociable component sys- 
tems. It has been shown by Sérensen (19), Linderstrgm-Lang 
(18), Svedberg, Carpenter, and Carpenter (20), and others that 
casein is not an individual protein but an aggregation of several 
molecular components or complexes forming a coprecipitation 
system. According to Sérensen, these complexes, mainly poly- 
peptides, are loosely and reversibly bound by means of residual 
or secondary valencies to form the whole protein component sys- 
tem, while the atoms or atom groups within each complex are 
firmly linked together by main or primary valencies. 

The early stage of the digestion at which Fraction A began to 
separate from the digest strongly suggests that it may be regarded 
as representing one of the complexes of the casein molecular 
system in accordance with Sérensen’s conception. 

The manner of separation and the results of analyses of Frac- 
tion A show that this phosphopeptone is at least partly responsible 
for the high and increasing color values found in the casein peptic 
digest during the Ist hour’s digestion by Folin and Marenzi’s 
method for estimating cystine. The rapidly rising values, reach- 
ing a maximum at the end of the Ist hour and then decreasing on 
further digestion, closely correlate with the observations noted 
that the phosphopeptone begins to separate at an early stage of 
the digestion and reaches its maximum formation at about the 
end of 1 hour, thereafter decreasing in amount as it becomes 
acted upon itself by the pepsin. 


» SUMMARY 


Three cleavage products of casein have been isolated after 1 
hour’s digestion with pepsin. Fraction A represents the flocculent, 
translucent material which gradually separated during the diges- 
tion. Fraction B was obtained by adjusting the filtrate from 
Fraction A to pH 6. The products remaining in the solution 
after removal of Fraction B represent Fraction C. The three 
fractions amounted, respectively to 21.9, 12.7, and 65.4 per cent 
of the casein taken for the digestion. 

Striking differences in the amino acid mation of the frac- 
tions are noted. Fractions A and B contained no cystine. Prac- 
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tically all the cystine of the original casein was accounted for in 
Fraction C. On the other hand, 87 per cent of the phosphorus 
of the casein was accounted for in Fractions A and B. 

Other differences, although less striking, are noted in the per- 
centages of other amino acids, particularly of lysine and trypto- 
phane. The percentages of lysine in Fractions A, B, and C were 
8.02, 10.68, and 4.52, respectively, and those of tryptophane, 0.46, 
1.17, and 3.03. 

Fraction A corresponds in some particulars to partial cleavage 
products of casein previously described, and generally referred to 
as phosphopeptone. 
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Phospholipids, occurring as they do in all cells, are considered 
of great biological importance. In 1919, Meigs, Blatherwick, and 
Cary (1) showed that the blood leaving the mammary gland con- 
tained more inorganic phosphorus and less lipoid phosphorus, by 
a comparable amount, than did that entering the gland. This 
observation, by leading to the hypothesis that these compounds 
are intermediaries in the synthesis of milk fat, has given an addi- 
tional interest to their study. 

The most important variation in the composition of phospho- 
lipids from different animal sources is, in general, in the nature of 
their component fatty acids. Burow (2) and others, without 
investigating the nature of the fatty acids, developed methods for 
determining the phospholipid content of milk. Later work by 
Schlossmann (3) and by Njegovan (4) questioned the existence of 
phospholipids in milk. The work of Osborne and Wakeman (5) 
established the fact that mixed phospholipids are present in milk 
in small quantities. They identified a monoamino-, and, pre- - 
sumably, a diaminophospholipid. Their data indicated the pres- 
ence of oleic and stearic acids in the monoamino fraction. 

Sasaki and Hiratsuka (6) concluded that the lecithin of milk 
contains myristic and lauric acids, and the cephalin of milk, pal- 
mitic and lauric acids. 

These investigators were handicapped by dealing with such 
small amounts of material that accurate analyses were extremely 
difficult. 
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Preparation of Material 


The present investigation was made upon the material obtained 
from the extraction of 300 pounds of sweet cream, spray-dried, 
buttermilk powder. This powder, in smaller lots, was slowly 
sifted into a mixture of 3 parts of ethanol and 1 part of gasoline, 
contained in a glass-lined tank. During the addition the contents 
of the tank were stirred continuously by means of a centrifugal 
pump. This procedure was important in preventing the powder 
from caking. Each batch of powder was left in contact with the 
solvent for about 24 hours. The powder was then removed from 
the solvent by means of a basket centrifuge. After concentration 
in a vacuum pan, the solution of lipids was added to an excess of 
acetone. The precipitated phospholipids were taken up in ether 
and reprecipitated with acetone. This process was repeated about 
ten times. The material was then again taken up in ether and 
the solution decanted from the insoluble residue. 

After precipitation with acetone, the phospholipids were emulsi- 
fied with water, reprecipitated, and then triturated with hot 
acetone. This last process was carried out for the purpose of 
removing any saturated fats that might be present (7). An ether 
solution of the phospholipids was then held overnight at a tem- 
perature of 0°. The solution was decanted from the precipitate, 
the dissolved material precipitated with acetone, redissolved in 
ether, and the solution recooled. This procedure was repeated 
until no more precipitate was formed when the ether solution was 
held at 0°. 

The ether-insoluble material so obtained weighed 95 gm. After 
purification by crystallization from ethanol and subsequent wash- 
ing with ether, 60 gm. of a white, powdery material remained. 
Analytical values indicated this to be a mixture of about equal 
quantities of sphingomyelin and galactolipids. The results of an 
analysis of this material will be reported later. 

The ether-soluble material obtained at this point weighed 580 
gm. A titration with potassium hydroxide (8) indicated that it 
was a mixture of 35 per cent cephalin and 65 per cent lecithin. It 
contained 3.70 per cent P and 1.97 per cent N, which indicated 
the presence of nitrogenous impurities. 

This material was dissolved in ether, added to a large excess of 
absolute alcohol, and the solution cooled to —18°. The bulk of 
the material separated. 
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Further purification of this alcohol-insoluble fraction by means 
of the cadmium chloride salt (9) was unsuccessful because nearly 
all of the salt remained soluble in ether. Other attempts to lower 
its nitrogen content failed until it was reemulsified with water. 
After twice emulsifying with a large excess of water, and pre- 
cipitating with acetone, the nitrogenous impurities were removed. 

The purified material obtained was used for the analysis of the 
fatty acids. It contained 3.69 per cent P and 1.61 per cent N, 
an atomic ratio of P:N of 1.03:1.00. A titration indicated that 
it was a mixture of 44 per cent cephalin and 56 per cent lecithin. 
It was a dark brown, soft, hygroscopic material, entirely soluble 
in ether. It remained soluble in ether even after long standing, 
either in the cold or at room temperature. It yielded 62.5 per 
cent of fatty acids upon saponification with alcoholic potassium 
hydroxide. 


Analysis of Fatty Acids 


A preparation of acids was secured by boiling the lecithin- 
cephalin mixture for 5 hours with alcoholic potassium hydroxide 
in an atmosphere of nitrogen. 120 gm. of these acids were sepa- 
rated by the lead salt-ether method. 30 gm. of saturated and 
77 gm. of unsaturated acids were secured. The loss of 13 gm. of 
acids was entirely of the unsaturated fraction, due to the forma- 
tion of persistent emulsions. 

For the purpose of later calculations, the unsaturated fraction 
was assumed to weigh 90 gm. 

The lead salts of the saturated acids were decomposed with 
dilute nitric acid. With this treatment no emulsions were formed, 
and the acids were wholly recovered. 

Saturated Fraction—The analysis of the saturated acids was 
made by methods already described (10, 11). Briefly, the acids 
were esterified with ethanol and the esters were distilled at about 
4mm. pressure into four fractions. The iodine number and saponi- 
fication value were determined on each fraction. These data are 
given in Table I. 

The acids of each fraction were recovered and fractionally crys- 
tallized from ethanol. The identification of each acid was made 
on the basis of the isolation of a fraction giving a correct melting 
point which was unchanged by further recrystallizations and which 
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also was unchanged when the acid was mixed with an equal quan- 
tity of the known acid. Fraction 1 consisted of nearly equal quan- 
tities of myristic and stearic acids, Fraction 2 mostly of stearic 
with a little myristic acid, Fraction 3 mostly of stearic with a 
little arachidic acid, and Fraction 4 of stearic and arachidic acids. 
Arachidic acid was recovered from the residue. 

After correction for the unsaturated acids present, the composi- 
tion of the saturated acids of this fraction was found to be: 17.4 


Taste I 
Data on Saturated Ester Fractions 


Saponifica- Iodine No. 





Distillation 
































Fraction No. Pressure temperature Weight dn Gane (Hanus) 
mm. Cc. gm. 
1 2 145-166 4.75 196.1 9.5 
2 4 183-185 17.25 184.4 15.0 
3 3.5 186-192 5.90 179.7 17.8 
4 3 192-210 2.40 169.6 16.7 
TaB_e II 
Data on Unsaturated Ester Fractions 
Fraction No. Pressure ——. Weight a ee logins Ito : 
‘mm. *. gm. 
1 3 -2.5 165-190 7.60 302.6 81.5 
2 2.5-2 190-195 14.20 312.00 94.7 
3 2 195 20.80 317.7 100.3 
4 2 200-218 6.90 325.2 114.0 
Residue 1.20 




















per cent of myristic acid, 74.1 per cent of stearic acid, and 8.5 per 
cent of arachidic acid. 

Unsaturated Fraction—A portion of the unsaturated acid frac- 
tion was esterified and fractionally distilled in the presence of 
carbon dioxide, with the results shown in Table II. 

It was found that Fraction 1 contained myristic acid as was 
expected, in addition to oleic acid. The other three fractions con- 
tained the esters of unsaturated acids only, one ester of which was 
far more unsaturated than that of oleic acid. No evidence could 
be found of the presence of any linoleic or linolenic acids. 





> ee Os ie COU CD 








XUM 


Kurtz, Jamieson, and Holm 721 


Oleic Acid—Fraction 1 was saponified and the free acids, dis- 
solved in 70 per cent ethanol, were held for several days at 5°. 
Myristic acid separated, and was removed. A portion of the 
acids recovered from the alcohol solution was hydrogenated. Only 
stearic acid could be found in the hydrogenated product. Another 
portion of this fraction was oxidized according to the method of 
Lapworth and Mottram (12). The dihydroxystearic acid formed, 
melted sharply at 128.5° and was unchanged by repeated recrys- 
tallizations from ethyl acetate. As the melting point of this acid 
is usually reported as 132—133°, it was considered possible that 
this oleic acid was not the ordinary A*"® oleic acid. 

This possibility was tested by examination of Fraction 2 of the 
unsaturated esters. The analytical values of this fraction indi- 
cated that it contained about 95 per cent oleic acid and only 5 per 
cent of the highly unsaturated acid. 10 gm. of this fraction were 
oxidized according to the method of Armstrong and Hilditch (13). 
The monobasic acid formed by the oxidation, being liquid, was 
present in insufficient quantity for purification and identification. 
The dibasic acid, however, was purified by crystallization from 
acetone and from water. Azelaic acid was identified by means of 
its melting point and neutralization equivalent. Furthermore, no 
other dibasic acid could be found, each succeeding crop giving 
analytical values corresponding to those of azelaic acid. So it 
would appear that the oleic acid found here is also a A*'® acid. 

Polyunsaturated Acid—Portions of Fractions 3 and 4 of the 
unsaturated esters were brominated for the purpose of determining 
the nature of the polyunsaturated acid or acids present. The 
presence of tetrabromides or hexabromides could not be estab- 
lished. However, in each case there was secured a bromide insolu- 
ble in ethyl ether which upon heating did not melt at above 200°. 
Analysis of the bromide gave 63.4 per cent of bromine, whereas 
the calculated value for ethyl octabromobehenate is 63.90 per cent, 
and for ethyl octabromoarachidate is 65.79 per cent bromine. On 
the assumption that a dicostetrenoic acid was present, it was 
calculated from the analytical data that the unsaturated acid 
fraction contained 1.95 per cent of myristic acid, 8.04 per cent of 
dicostetrenoic acid (C2:H3sO2), and 90.01 per cent of oleic acid. 

As no evidence of linoleic or linolenic acids could be found, the 
thiocyanogen value of the original unsaturated acids was deter- 
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mined and found to be 96.8. The iodine number (Hanus) of these 
same acids was 109.0. From these results it is evident that more 
than one double bond of the highly unsaturated acid reacted with 
the thiocyanogen radical. Otherwise, on account of the presence 
of myristic acid, the value for the thiocyanogen number would have 
been below that for oleic acid. On the assumption that two 
double bonds of the dicostetrenoic acid reacted, the thiocyanogen 
value of this acid would be 152.8, the iodine number being 305.5. 
With the formula, per cent of dicostetrenoic acid = 0.655 (iodine 
value — SCN value), it was calculated that the unsaturated acids 
contained 7.99 per cent of dicostetrenoic acid, which value is in 
close agreement with that (8.04 per cent) obtained by use of the 
mean molecular weights of the unsaturated ester fractions. If 
three double bonds reacted with the SCN radical, the calculated 
per cent of this acid would be much higher. Therefore, it is evi- 
dent that but two of the four double bonds of this dicostetrenoic 
acid react with the thiocyanogen radical. 

The authors are indebted to Mr. R. S. McKinney for the thio- 
cyanogen study contained in this paper. 

Other evidence that the highly unsaturated acid was a Cz acid 
was that only on this assumption could the values obtained for 
the mean molecular weight and for the iodine number be har- 
monized. 

The ether-insoluble bromide, referred to above, was debro- 
minated with zinc in ethanol containing a little HCl. The fatty 
acid was recovered and then hydrogenated. The saturated acid 
was saponified to decompose any esters present. The free acid 
was then recovered and crystallized from ethanol. After several 
recrystallizations the acid melted at 71.5°. This melting point 
was maintained after recrystallization. The amount of acid re- 
maining was too small for further attempts at purification. When 
mixed with an equal quantity of stearic acid (m.p. 71.5°) obtained 
from sapote oil, the melting point was depressed several degrees. 

A further attempt was made to isolate the saturated acid corre- 
sponding to the highly unsaturated acid. Fraction 3 of the 
unsaturated esters was saponified and the free acids combined 
with about 20 gm. of the unsaturated acids which had not been 
used for esterification. These acids were converted into their 
lithium salts and crystallized from 50 per cent ethanol. By this 
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method, the highly unsaturated acid was concentrated to about 
15 per cent in the soluble fraction. The acids were recovered 
from their salts and hydrogenated. From the saturated acids 
obtained, after repeated crystallizations from ethanol, was isolated 
a product which melted at 71°. The amount of this acid was too 
small for further examination. Another product isolated from this 
fraction melted at 63°, and by saponification showed a mean 
molecular weight of 309. A third product, also melting at 63°, 
showed a mean molecular weight of 314. This is approximately 
the value that would be obtained with a 50:50 mixture of stearic 
and behenic acids. If the unknown acid were of the Cz series, 
it possibly could be an isomeric form, which would have a lower 
melting point and greater solubility than that of ordinary behenic 
acid. 

It must be concluded that the nature of the highly unsaturated 
acid was not proved, but the indications of a variety of analytical 
data were that it is a dicostetrenoic acid (Co,Hy.O:). 

After correcting for the myristic acid present, the composition 
of the unsaturated fraction was calculated to be 91.8 per cent 
oleic acid, and 8.2 per cent dicostetrenoic acid(?). 

The composition of the total acids was found to be as follows: 


per cent 
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SUMMARY 


In contrast to butter fat, the lecithin-cephalin fraction of the 
milk phospholipids contains none of the lower fatty acids. More 
surprising is the entire absence of palmitic acid, which not only 
is one of the acids most abundant in butter fat, but is widely 
distributed among a great many fats and oils, both of vegetable 
and of animal origin. 

The high percentage of oleic acid shows that a considerable pro- 
portion of the phospholipid molecules contains only unsaturated 
acids. The indication of a dicostetrenoic acid is in harmony with 
recent work on the phospholipids from other sources (14). 
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FURTHER STUDIES ON THE PROTEOLYTIC ENZYME 
CONTENT OF LATEX FROM THE FIG AND 
RELATED TREES* 


By BENJAMIN H. ROBBINS anp PAUL D. LAMSON 


(From the Department of Pharmacology, Vanderbilt University School of 
Medicine, Nashville) 


(Received for publication, June 14, 1934) 


In a former paper (1) it was shown that there is present in the 
sap of Ficus laurifolia a proteolytic enzyme of the tryptic type 
which we believe is the active anthelmintic principle in the sap. 
Several workers have shown that the sap is of value as an anthel- 
mintic (2-6) and is widely used as such among natives in Central 
America and South America. 

Because of the capacity of this substance to digest live tissue 
(Ascaris), we were interested in studying the sap from other species 
of the genus Ficus and related genera to find if this activity was 
generally present in all of the species. 

Through the courtesy of Professor Barbour' we were able to 
collect and test sap from several species of the family Moracex 
at Soledad, Cuba. Sap was obtained from sixteen species of the 
genus Ficus and from one species each of four other genera of the 
family Moracee. Several samples of sap from South America 
were obtained for us by the International Health Division of the 
Rockefeller Foundation. The results obtained when these speci- 
mens were examined for their enzymatic action on gelatin and 
Ascaris are shown in Table I. 

Methods Used for Determining Proteolytic Activity—The method 


* The funds for carrying out this work were given by the International 
Health Division of the Rockefeller Foundation. 

1 We wish to express our appreciation to Dr. Thomas Barbour, Director 
of the Harvard Botanical Museum, for the opportunity and facilities 
afforded us in the collection and analysis of sap at the Harvard Botanical 
Gardens at Soledad, Cuba. 
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of determining quantitatively the action on gelatin is by use of 
formol titration. To 100 cc. of a 2 per cent gelatin solution is 
added 1 cc. of the fresh sap. Formol titration is carried out on a 
20 cc. aliquot immediately. The mixture is then incubated at 
35° for 24 hours and the titration repeated. The difference 
between the two determinations is due to the hydrolysis of gela- 
tin and is proportional to the proteolytic activity of the sap. 
Table I gives the action of the sap on gelatin in terms of mg. of 
amino nitrogen liberated by the action of 1 ce. of sap upon 100 ce. 
of a 2 per cent solution of gelatin at 35° for 24 hours. 

To test the action on Ascaris, fresh worms (from the pig) are 
incubated at 35° in 100 ce. of Ringer’s solution to which 2 cc. of 
the sap have been added. Controls are run by using sap from the 
Ficus glabrata which, when added to the Ringer’s solution in 1 to 2 
per cent concentration will digest the worms in 1} to 2 hours. 

From Table I it is obvious that the proteolytic activity of all 
specimens from Cuba except Ficus, unknown, is essentially 
negative. 

The sap was collected during the middle of November, and one 
might attribute the relative lack of enzyme to seasonal variation, 
except for the fact that Ficus, unknown, was moderately high in 
enzyme content and that Ficus carica, L., was very high. How- 
ever, the sap of Ficus carica, L., was not obtained from Cuba, but 
from southern Alabama during the same week that the others were 
collected. The enzyme content of the sap from South America is 


quite high. < phe 
SUMMARY 


1. Sap from sixteen species of the genus Ficus has been studied 
and a proteolytic enzyme found in three cases, but only in two was 
the concentration high enough to digest Ascaris in 2 per cent solu- 
tion of sap. 

2. Sap from four genera of the family Moracee has been studied 
for proteolytic activity. The activity was less than one-fifth of 
that noted in sap from Ficus carica, L., collected at the same time. 

3. Sap from six trees in South America has been examined and 
five samples were high in proteolytic enzyme. 
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THE DIFFERENTIATION OF TRYPSINS BY MEANS OF THE 
ANAPHYLACTIC TEST 


By CARL TEN BROECK 


(From the Department of Animal and Plant Pathology of The Rockefeller 
Institute for Medical Research, Princeton) 


(Received for publication, May 25, 1934) 


Kunitz and Northrop (1) have recently reported the crystal- 
lization of chymotrypsinogen and chymotrypsin and have shown 
that the latter differs from the trypsin that they had studied 
previously. The present work was undertaken to determine 
whether these substances could be differentiated by inmmunological 
reactions. Trypsin from the pig and cow as well as chymo- 
trypsinogen and chymotrypsin from the cow were used. 

The studies on the antigenic nature of enzymes made before 
these substances were purified by crystallization are all open to 
question, for it is impossible to determine whether the reactions 
obtained were due to the enzymes as such or to the proteins with 
which they were associated. Northrop (2) found that the serum 
of a rabbit immunized to crystalline pepsin precipitated this 
enzyme when it was diluted to 1:2000. This immune serum had a 
greater antipeptic action than did the serum from a normal rabbit 
or from a rabbit immunized to the pepsin denatured by heat. 
Sumner and Kirk (3) have shown that their crystalline urease was 
antigenic, for they produced in rabbits an antiurease that in 
vitro and in vivo neutralized-the action of the enzyme. Kirk (4) 
was also able to cause the production of a precipitin that he has 
used in purifying urease. Kirk and Sumner (5) were unable to 
differentiate by the precipitin or the antiurease reaction the urease 
obtained from the soy or jack bean. 

The essential part of this work, namely the preparation of the 
enzyme solutions, was done by Drs. Northrop and Kunitz. The 
enzymes have been recrystallized at least five times and were kept 
in concentrated, slightly acid solution in the cold. Fresh dilu- 
tions of known concentration were prepared for each test. 
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The anaphylactic test rather than the less sensitive precipitin 
reaction was used in the major portion of the tests for differenti- 
ation since the enzymes may be very closely related. 

Sensitization of Guinea Pigs—Female guinea pigs weighing 
about 125 gm. were given subcutaneous injections of 0.5 cc. of 
either 0.5 or 1 per cent solution of the enzymes. Injection of 
chymotrypsinogen produced no visible effect, but the animals 
receiving the trypsin and the chymotrypsin showed necrotic areas 
at the site of inoculation and several died. It was our impression 
that the chymotrypsin was more toxic than the trypsin. 


TaBLe | 
Results of Tests for Sensitiveness of Uteri of Guinea Pigs Receiving Pig 
Trypsin 
In this and in Tables II to IV L and R indicate left and right horns of 
the uterus. A = first test; B, second;etc. Figures are the concentration 
of the enzymes in the bath in mg. of protein per ml. + or — indicates 
contraction or failure to contract. 











Reaction to 
Guinea pig 
- Pig trypsin Beef trypsin Chymotrypsin 
1 RB 10-4 — RA 10-3 — 
RC 10>? + 
LA 10-4 — 
LB 10-3 + 
2 LB 10-3 + LA 10-3 — 
RB 107? + RA 10-3 — 

















One guinea pig was not sensitive. 


Tests for Sensitization—Between 15 and 20 days after the first 
injection, the uteri of these guinea pigs were tested by means of 
the Dale technique (6). Two baths were used and the two horns 
of the uterus were tested, one after the other. The capacity of 
each bath was 75 cc., and 0.75 cc. of the enzyme solution was 
added for each test. 

The results of the tests are given in TablesI to IV. Not all of 
the animals were sensitized, and in some cases there were cross- 
reactions, particularly between the chymotrypsin and chymo- 
trypsinogen. The results were, however, sufficiently clear cut 
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to show that all four of these enzymes can be differentiated by 
this reaction. 

Tests for Precipitin—The undiluted serum from a rabbit that 
had received repeated injections of chymotrypsin was layered 
under dilutions of this enzyme. In 1 per cent and 0.5 per cent 


TaBLeE II 
Results of Tests for Sensitiveness of Uteri of Guinea Pigs Receiving 
Beef Trypsin 
See Table I for explanation of symbols. 














Reaction to 
Guinea 
pig No. 
Beef trypsin Pig trypsin Chymotrypsin Chymotrypsinogen 
3 LA 10-5 — 
LB 10-4 + 
RB 107° + RA 10% — 
4 LB 107° + LA 107° —- 
RA 10-* + Rv*B 10-7 ? 
5 LvB 107° ? LA 10°? 
RB 10-3 + RA 107? — 
6 LC 10-* + LA 10° — LB 10-3 — 
RB 10-4 + RA 10-3 — 
7 LB 10-* + LA 10-7? — 
RB 10-* + RA 10° — 
8 LB 10-* + LA 10-3 — 
RB 10 + RA 107? — 
9 LC 10-* + LA 107°? 
LB 10-3 — 
RB 10-* + RA 10-3 — 
10 LB 107° + LA 10-3 — 
RB 10-3 + RA 10-3 — 
1 | LB 107+ init LA 1073 — 
RB 10-3 + RA 10-3 — 














Three guinea pigs were not sensitive to the trypsin solution. 
*~ indicates that the horn was washed and allowed to relax before 
testing. 


solutions of the enzyme there were definite ring formations, and 
after the serum and enzyme were mixed, definite turbidity and 
precipitate. In solutions of 0.25 and 0.125 per cent there were 
questionable rings, but after mixing no turbidity nor precipitate 
could be detected. The sera of two rabbits that had received 
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TasBie III 
Results of Tests for Sensitiveness of Uteri of Guinea Pigs Receiving 
Chymotrypsinogen 
See Table I for explanation of symbols. 
Reaction to 
Guinea pig 
= Chymotrypsinogen Chymotrypsin Beef trypsin 
12 LB 107? + LA 10-3 — 
RB 10-7? + RA 10-3 — 
13 LB 10-*? LA 107? — 
RA 10-3 + 
14 LB 10-* + LA 10-3 — 
RB 107? + RA 107? — 
15 LA 10-5 — 
LB 10-* + 
RB 1073 + RA 10-3 — 
16 LB 10-3 + LA 10-3 — 
RA 107? — 
17 LB 10-3 + LA 10° — 
RvB 10-3? + RA 107? — 
18 LA 10-*+ 
RD 10-4 — RA 10-4 — 
RE 10-3 + RB 10-3 — 
RC 10-2 — 
19 L*B 10-3 + LA 10-3 — 














Two guinea pigs were not sensitive and four gave reactions with chymo- 
trypsin as well as chymotrypsinogen. 











TaBLe IV 
Results of Tests for Sensitiveness of Uteri of Guinea Pigs Receiving 
Chymotrypsin 
See Table I for explanation of symbols. 
Reaction to 
Guinea pig No. 
Chymotrypsin Chymotrypsinogen 
LA 10-3 + 
RC 10-7 + RA 10-3 — 
RB 107? — 
LA 107? + 
RA 107? — 











Two guinea pigs were not sensitive. 
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repeated injections of chymotrypsinogen failed to cause rings or 
precipitate when the undiluted serum was mixed with solutions 
of the enzyme of 1 per cent and higher. None of these sera when 
injected into guinea pigs sensitized these animals passively to the 
enzyme. These experiments indicate that precipitins are not 
easily formed by these enzymes when they are injected into 
rabbits. 


SUMMARY 


It has been shown that trypsin from swine and cattle as well as 
chymotrypsin and chymotrypsinogen, crystallized by Northrop 
and Kunitz, will act as antigens in that they will actively sensitize 
guinea pigs. It has been further shown that these four substances 
can be differentiated, one from the other, by the anaphylactic test. 
In a limited number of experiments it was shown that precipitins 
are not readily formed when chymotrypsin and chymotrypsinogen 
are injected into rabbits. 
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THE AVAILABILITY OF COPPER IN VARIOUS COM- 
POUNDS AS A SUPPLEMENT TO IRON IN 
HEMOGLOBIN FORMATION* 


By M. 0. SCHULTZE, C. A. ELVEHJEM, anv E. B. HART 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison) 


(Received for publication, June 6, 1934) 


The fact that copper is essential to supplement iron in hemo- 
globin formation is now generally accepted. Evidence which has 
led to this conclusion is based largely upon experimental work 
with young anemic rats subsisting on a milk diet. The value of 
milk as a basal diet for work on anemia is obvious because of its 
relatively low iron and copper content, because it can be handled 
with a minimum of contamination, and because experimental 
animals show good growth on a milk diet supplemented with 
iron, copper, and manganese. 

The amounts of copper necessary to supplement iron in the 
cure of nutritional anemia are exceedingly small; 0.005 mg. of 
Cu per day being enough to give a distinct response when fed 
with sufficient iron to anemic rats. This is particularly striking 
when it is considered that rats ingest in the milk about the same 
amount of copper daily, or even more. Criticism of the work in 
this laboratory (1, 2) has been made on this basis. Recently we 
have suggested (3) that the copper, as it is present in the milk, 
“may not be as available as that added in the form of copper 
sulfate or that entering the milk from copper contamination.” 
This would imply that there are copper compounds which when 
ingested by the animal are not capable of producing the typical 
effect of inorganic copper salts in anemic animals having access 
to available iron. Failure of the copper compounds to effect this 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

This investigation was supported in part by a grant from the University 
Research Fund and the Wisconsin Alumni Research Foundation. 
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action could be due to the following conditions: (a) The copper 
compound passes through the gastrointestinal tract without being 
absorbed; (b) the copper compound is absorbed but cannot take 
effect on account of its complexity; (c) the copper of the complex 
cannot be liberated in the animal organism and converted into an 
effective form. 

Newer work on iron metabolism has shown that the hemato- 
poietic value of a food material with respect to iron is not repre- 
sented by its total iron content since not all iron compounds can 
be utilized for hemoglobin formation (4). It is well established 
that hematin iron cannot be utilized effectively by the animal for 
hemoglobin formation (5, 6). Because plant and animal tissues 
are known to contain considerable amounts of hematin iron the 
question of availability of iron in foods for hemoglobin formation 
is of greatest importance. 

It is generally assumed that normal animal and human diets 
contain sufficient copper to meet the requirements for hemoglobin 
formation. Analyses of a large number of feeds and food ma- 
terials have indicated the wide distribution of copper (7, 8). 
Little, if anything, however, is known about the form in which 
it is present in animal and plant tissues; whether it exists in the 
form of salts or in organic combination. To our knowledge, only 
two naturally occurring organic copper compounds have been 
described and more or less characterized. Turacin, the reddish 
violet pigment of the feathers of turacou birds has been identified 
as a copper uroporphyrin (9). The respiratory pigment of certain 
Crustacea contains copper. Although the nature of the copper 
complex of the hemocyanins is not known, it has been definitely 
proved that hemocyanins do not contain a porphyrin (10). The 
occurrence of other organic copper compounds, although not yet 
established, is not unlikely. 

Using mature dogs subsisting on a diet low in iron content and 
made anemic by bleeding or by phenylhydrazine treatment, 
Handovsky (11) observed the effect of various copper compounds 
on hemoglobin and erythrocyte regeneration. Fed at a level of 
0.5 to 0.6 mg. of copper per kilo of body weight daily, copper as 
“copper protein” and copper tyrosine appeared to have a marked 
hematogenic effect, that of copper glycocoll and copper acetate, 
however, was only slight. The interpretation of these results is 
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rather difficult since no attempt was m ide to deplete the animals 
of their stores of copper. Handovsky does not suggest any ex- 
planation for the different effect of the various copper compounds. 

The present study was initiated to throw some light on the 
availability of various organic copper compounds as a source ‘of 
copper necessary for hemoglobin formation. 


EXPERIMENTAL 


Various organic copper compounds were prepared and fed with 
an iron supplement to young, severely anemic rats. In the animal 
experiments the precautions discussed in an earlier paper (3) were 
observed scrupulously. Hemoglobin determinations were made 
weekly by the Newcomer method. The copper supplements were 
fed to the animals daily together with 0.5 mg. of iron added as 
FeCl; to milk, which constituted the basal diet. Control animals 
fed on iron alone and iron plus copper sulfate were carried along 
with the experimental animals as indicated in Chart I. 

In the preparation of the organic copper compounds great 
care was taken to remove all of the uncombined copper and to 
prevent further contamination. The success of a study of this 
nature depends largely on this point. 

Copper Caseinate—Casein was prepared from skim railk, washed 
twice with distilled water, and dissolved in slightly alkaline solu- 
tion. A 5 per cent solution of CuSO, was added slowly, with 
stirring, until precipitation was complete. The solution was 
neutral to litmus at this point. After filtration and washing the 
suspended copper caseinate was dialyzed in a collodion bag 
against distilled and redistilled water for 5 days. The fine sus- 
pension of copper caseinate (Cu content 0.1 per cent) was pre- 
served with 0.2 per cent sodium benzoate and fed to the animals 
in this form. When 5 cc. of the suspension were treated with 
KCN and pyridine, and chloroform was added to the mixture, 
the chloroform layer gave no evidence of the presence of the Cu 
ion. The supernatant protein suspension, however, assumed a 
green color. 

Glycine Amide Biuret—This compound was prepared from 
glycine amide by the method of Rising and Yang (12). The 
glycine amide was made from glycine by ammonolysis of the ethyl 
ester (13). The product, recrystallized with anhydrous ether 
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three times from absolute alcohol, containing a little NH,OH 
(to remove excess copper), was obtained in the form of bluish 
pink crystals; m.p. 193°, uncorrected. 


Analysis (14)—CuC,H;.N,0;. Calculated. Cu 27.91 
Found. “ 98.03, 28.12 


The biuret complex is readily soluble in water. In acid solu- 
tion it is apparently unstable since the solution becomes decolor- 
ized at once upon addition of acid. 

Alanine Amide Biuret—This compound was prepared from 
alanine by the method used for the preparation of glycine amide 
biuret. The compound was readily obtained in solution. At- 
tempts to isolate it led to much decomposition so that a solution 
of it, prepared with less than the calculated amount of Cu was 
used for feeding purposes. A small amount of amorphous solid 
material which was isolated melted at 223-225° uncorrected. 
(Rising and Yang (12) report a decomposition point of 227—231°.) 

Copper Hematoporphyrin—Hemin was prepared from de- 
fibrinated calf blood (15). It was converted into hemato- 
porphyrin by the method of Willstiatter and Fischer (16). The 
copper compound was prepared by dissolving the porphyrin in 
glacial acetic acid and adding to the boiling solution the calcu- 
lated amount of copper acetate in boiling glacial acetic acid. 
Upon cooling, precipitation of the amorphous copper compound 
began and became complete upon dilution with redistilled water. 
It was washed several times with redistilled water by decantation, 
then transferred to a collodion bag, and dialyzed first against 
dilute acetic acid (1:2000) and then against redistilled water for 
a total of 5days. After filtration and drying in vacuo the copper 
hematoporphyrin was obtained in the form of a fine purplish 
red powder. 


Analysis—CyHx0.N,Cu. Calculated. Cu 9.61 
Found. ** 10.00, 9.94, 9.74 


To test the stability of copper hematoporphyrin under condi- 
tions similar to those prevailing in the upper intestine of the 
animal a digestion experiment was set up after the following plan: 
0.5 mg. of Cu as copper hematoporphyrin was incubated at 38° 
for 70 hours with and without pepsin at a pH of 2. The filtrate 
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was tested with KCNS, pyridine, and CHCI, for the presence of 
copper. In no case could any trace of copper be detected. When 
a known solution of CuSO, was added to the filtrate, the presence 
of copper could be detected by a green tinge of the CHCl; layer 
after 0.008 mg. of copper had been added. The filtrates contained 
therefore less than 0.008 mg. of copper. 

For feeding purposes copper hematoporphyrin was dissolved in 
2 per cent sodium carbonate and fed with iron in the milk. 

Hemocyanin—Through the kindness of Dr. A. C. Redfield, 
Harvard University, we were able to study the availability of the 
copper in hemocyanin. The blood of Limulus polyphemus as it 
was sent to us by Dr. Redfield was dialyzed against 0.0001 Nn 
NaOH (redistilled water was used) for 11 days; then, after the 
addition of a little (NH,4)2SO,, it was coagulated by heat, washed 
with redistilled water, dialyzed against redistilled water for 2 days, 
filtered dry, washed with redistilled absolute alcohol, and dried. 
On analysis of the dried product, 1.59 and 1.63 mg. of Cu per gm. 
were obtained. Redfield et al. (17) have reported a copper con- 
tent of 1.73 mg. of Cu per gm. of hemocyanin. 

Whole Wheat—To study the availability of copper in natural 
foodstuffs such as cereals, the material under investigation may 
be fed together with milk and adequate amounts of iron to severely 
anemic rats. In such a procedure the copper of the added food 
material will serve to supplement the iron in hemoglobin forma- 
tion. The rate and extent of hemoglobin regeneration of the 
animals may then be taken as an index of the availability of the 
copper in the food materials. 

In this manner we have fed whole wheat to severely anemic 
rats at a level that would supply 0.01 mg. of copper daily. Litter 
mates were fed an equivalent amount of copper sulfate. 


DISCUSSION 


From Chart I it is evident that the copper in copper caseinate, 
glycine amide biuret, alanine amide biuret, and hemocyanin can 
be readily utilized by the anemic rat to supplement iron in the 
synthesis of hemoglobin. The level of copper required in the 
form of the compounds mentioned is apparently not higher than 
that of copper sulfate. Considering the stability towards dilute 
acid, one should expect the copper of copper caseinate, glycine 
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amide biuret, and alanine amide biuret to be available to the ani- 
mal since the colored copper complexes in all three cases become 
colorless in acid solution and give positive tests for inorganic 
copper. These copper compounds probably yield their copper in 
the acidic portions of the alimentary canal of the rat. 

Barkan (18) has shown that the copper of hemocyanin becomes 
dialyzable after incubation with dilute acid. Digestion experi- 


Hb. All 0.5 mg./ Fe 
1 





CuartlI. Availability of copper for hemoglobin formation. Composite 
curves of hemoglobin regeneration of rats receiving copper from various 
compounds are given. The number of animals used in each group is indi- 
cated in parentheses. Representative response curves are given for rats 
receiving copper hematoporphyrin (12) and iron only (15) because differ- 
ences in period of survival do not permit composite curves. 


ments, which we carried out, indicated that upon incubation of 
hemocyanin in acid and in acid-pepsin solution the copper can be 
largely recovered in the filtrate. These observations are in 
agreement with the results of our animal experiments. Copper 
in the form of hemocyanin was just as efficient (at the levels fed) 
to supplement iron for hemoglobin regeneration as was copper 
sulfate. 
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In striking contrast to the effect of the copper compounds dis- 
cussed is that of copper hematoporphyrin. Of the twelve rats 
that were fed this compound as a source of copper nine died with- 
out showing any appreciable hemoglobin regeneration. Two rats 
getting daily 0.25 and 0.50 mg. of copper respectively as copper 
hematoporphyrin for 11 weeks had hemoglobin concentrations of 
6.80 and 8.50 gm. per 100 ce. at the end of this period. They 
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Cuart II. Curve A, absorption spectrum of Cu hematoporphyrin; 
Curve B, absorption spectrum of fecal extract from rat fed Cu hemato- 
porphyrin. 


died shortly afterwards. The presence of traces of ionic copper 
in the copper hematoporphyrin might account for such a slow 
hemoglobin regeneration. No toxic effects of the copper hemato- 
porphyrin could be observed. Two rats getting 0.05 mg. of cop- 
per sulfate in addition to the copper hematoporphyrin and iron 
showed normal recovery from anemia. 

Chart II represents the absorption spectra of a solution of cop- 
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per hematoporphyrin in 2 per cent Na,CO; (diluted 1:64) and of 
a 2 per cent Na,CO; extract (diluted 1:4) of feces of rats getting 
0.5 mg. of Cu as copper hematoporphyrin (5.1 mg.) daily. In the 
latter case the light absorption of the fecal extract was compared 
with that of a 2 per cent NasCO; extract of feces of rats subsisting 
on a milk-iron diet. In this manner the effect of fecal matter on 
light absorption could be reduced. The curves obtained with a 
Bausch and Lomb Universal spectrophotometer show maximal 
absorption at the same wave-lengths. This indicates that the 
feces of rats getting copper hematoporphyrin contained consider- 
able amounts of this compound. In view of the insolubility of the 
copper hematoporphyrin in acid solution, this is not surprising. 
It probably explains why the animals were unable to utilize the 
copper administered in the form of a porphyrin complex. 

Application of the biological method to a study of the avail- 
_ ability of copper in natural food materials entails some difficulties. 
‘ It is possible that not all of the copper in the foodstuff is present 
is the same form and may therefore not have the same avail- 
ability. To detect this biologically it is necessary to feed the 
supplement with sufficient iron at such a level that its total copper 
content, if wholly available, will permit a fairly rapid hemoglobin 
regeneration. From our experiences with feeding copper to rats 
at different levels a daily dosage of 0.01 mg. of copper appears 
to be most desirable. With copper sulfate fed at this level re- 
covery is quite rapid although not maximal. If more than 0.01 
mg. of total copper were fed in the form of natural food materials 
partial, availability might be obliterated by sufficient available 
copper. At lower levels of total copper individual variations in 
response of the anemic animals would complicate the interpre- 
tation of recovery curves. Furthermore it must be borne in 
mind that the addition of natural food materials to the milk- 
iron diet may improve the severe condition of the anemic rats 
through factors other than their content of available copper. 
The animals receiving daily 0.01 mg. of total copper in the form 
of food materials added to the milk-iron diet are therefore not 
strictly comparable to the control animals getting 0.01 mg. of 
available copper as copper sulfate. 

Chart I includes the curve of hemoglobin regeneration of rats 
getting 0.01 mg. of copper daily in the form of whole wheat and a 
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similar curve of control rats getting 0.01 mg. of copper as copper 
sulfate. It is evident that the copper in whole wheat is readily 
available to supplement iron in hemoglobin formation. 

Further work will have to show whether the copper of most of 
the naturally occurring foods is readily available or whether it 
may partly exist in a form that is not assimilated by the animal. 
That this is possible has been demonstrated in this study. 

These considerations must be borne in mind in future studies 
on the value of food materials for hemoglobin regeneration. The 
results of the work of Rose and associates (19) are undoubtedly 
complicated by the fact that although the total daily copper 
intake of the rats was sufficient for good hemoglobin regeneration, 
much of this copper was contributed by the ingested milk and may 
therefore not have been completely available for hemoglobin 
formation. Recent observations by Bing and co-workers (20) 
that the copper of a milk-iron diet is assimilated to only a small 
extent might be also explained on this basis. 


SUMMARY 


1. The copper of copper caseinate, glycine amide biuret, alanine 
amide biuret, hemocyanin from Limulus polyphemus, and of whole 
wheat is readily utilized by severely anemic rats to supplement 
iron for hemoglobin formation. 

2. Under the same conditions copper hematoporphyrin is not 
utilized even when fed at high levels. It passes through the ali- 
mentary tract unchanged. 

3. The question of availability of copper has been discussed. 
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In this communication we present an accurate, rapid, and rela- 
tively simple procedure for the determination of free and total 
cholesterol in blood or other biological material. The method has 
been especially designed for serial analyses, and a single worker 
can carry out sixteen to eighteen analyses per day withease. Only 
0.2 cc. of serum or whole blood is required for the determination of 
both free and combined cholesterol, and it is possible, therefore, 
to utilize finger blood for the analysis. Amounts of cholesterol 
ranging between 0.02 and 0.15 mg. may be determined. 

In principle our procedure consists in the precipitation of choles- 
terol with digitonin followed by the application of a color reaction 
to the precipitate. The isolation of cholesterol as digitonide en- 
tirely avoids the errors which are introduced into other colori- 
metric methods by other chromogenic substances present in fatty 
extracts. Conditions have been discovered under which choles- 
terol digitonide is completely insoluble and may be readily isolated 
by centrifugation.' 

Yoshimatsu has described (2) a method based on the color 


* This investigation was made possible by the assistance of the Josiah 
Macy, Jr., Foundation. 

This investigation was carried out in part in the Chemical Department, 
Institute of Pathology, University of Freiburg, Germany. 

1 See Schoenheimer and Dam (1) for a discussion of the precipitation of 
cholesterol and the solubility of cholesterol digitonide. The development 
of our method has occupied over 2 years in the Freiburg and New York 
Laboratories. The principal difficulty has been to find conditions for the 
complete precipitation of small amounts of cholesterol. 
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developed by cholesterol digitonide with the phenol reagent of 
Folin and Denis. The digitonide is precipitated in 95 per cent 
alcohol; 96 per cent alcohol has been shown (1) to dissolve no less 
than 0.02 per cent of digitonide corresponding to 0.1 mg. of choles- 
terol in the 2 cc. of aleohol employed by Yoshimatsu. Since less 
than 0.1 mg. is to be expected from amounts of blood analyzed by 
Yoshimatsu’s procedure, the error due to solubility must be con- 
siderable despite the large excess of digitonin which he employs. 

While this investigation was in progress, Obermer and Milton 
published a method (3) in which a color reaction (Bernoulli) is also 
applied to the digitonide of cholesterol. In our hands the Ber- 
noulli reaction has yielded highly inconsistent results with known 
samples of pure cholesterol. Furthermore, as is pointed out by 
Obermer and Milton, digitonin gives considerable color which we 
have found to have an absorption curve similar to that of the color 
from cholesterol. With this procedure it would, therefore, be 
necessary to wash out excess digitonin quantitatively. 

The very weak color produced by digitonin with the modified 
Liebermann-Burchard reaction, which we employ, has no absorp- 
tion over the range in which the color developed by cholesterol 
exhibits its maximum absorption (610 to 620 wz). Therefore, by 
using a color filter which transmits light only over this range, it is 
possible to compare the color given by digitonide directly with that 
of cholesterol alone in any suitable apparatus. It is not necessary 
to wash out excess digitonin quantitatively; this operation, essen- 
tial in all gravimetric and oxidative cholesterol methods, would, 
on a micro scale, involve considerable danger of dissolving appre- 
ciable amounts of digitonide. 

With control of temperature and reaction time the color devel- 
oped with pure cholesterol digitonide is reproducible within the 
limit of error of the instrument used for measuring color. It is 
possible, by using a sensitive photometer, to achieve a degree of 
accuracy which has hitherto been obtainable only with the macro- 
gravimetric procedure of Windaus, which requires 15 to 20 ce. of 
blood or serum. We have employed the Zeiss Pulfrich photom- 
eter, equipped with 50 mm. microcells, almost exclusively. Any 
ordinary colorimeter may be used if equipped with a suitable color 
filter of narrow transmission range, and with microcells approxi- 
mately 50 mm. in depth and containing not over 2 cc. However, 
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it must be remembered that the accuracy possible with such an 
apparatus is considerably less than with a sensitive photometer.” 

The time required for the analysis is relatively short. Only a 
few minutes are needed to make an extract, and since such small 
amounts of material are used, it is not necessary to concentrate 
the solution as is the case in most cholesterol methods. 


Procedure 
Reagents 
1. Acetone-absolute alcohol (1:1). 
2. Ether.’ 


3. Acetone-ether (1:2). 

4. Digitonin solution. This solution is prepared by dissolving 
1 gm. of digitonin in 1 liter of distilled water. The solution is 
placed in the ice box for at least 24 hours (preferably longer) and 
then centrifuged to pack the precipitate‘ which forms. The super- 
natant solution is filtered and concentrated to approximately 500 
ec. This is best done by placing the solution in a weighed 1 liter 
flask equipped with inlet and outlet tubes. The mouth of the inlet 
tube should be kept about 2 cm. above the surface of the solution. 
A rapid stream of air, filtered through cotton, is blown, or drawn 
by suction, through the flask, which is immersed in boiling water. 
The point at which the required amount of water has been re- 
moved is determined with sufficient accuracy by weighing the 
flask with its contents on an ordinary laboratory balance. The 
concentration requires 3 to 4 hours. Should a sediment appear in 


2 See foot-note 20 cited in the discussion of “Accuracy.” 

* All the ether used in our laberatory is prepared routinely by washing 
with a sodium sulfite solution followed by several washings with water. 
The washed ether is distilled over calcium chloride. We have no data on 
the use of unwashed ether in the determination of cholesterol. 

‘The nature of this substance, which precipitates only from dilute 
aqueous solutions, isnot known. It forms rapidly in a 0.1 per cent solution 
but comes down slowly in a 0.2 per cent solution. We have some evidence 
indicating that it tends to give high values when left in the solution though 
we have not studied the point extensively. We have employed only Hoff- 
mann-La Roche, Inc., digitonin which we have found to give uniform 
results. It is possible, in view of the findings of Schoenheimer and Dam 
(1), that other samples of digitonin may not behave similarly. 
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the concentrated solution on standing, it should be removed by 
filtering. 

5. Potassium hydroxide solution made by dissolving 10 gm. of 
pure KOH in 20 ce. of water. 

6. Hydrochloric acid, approximately 5 per cent, made by diluting 
15 ec. of concentrated HCl to 100 ce. 

7. Acetic acid, 100 per cent. We have found the Eastman and 
Kahlbaum products to be equally good. 

8. Acetic anhydride. The product, labeled ‘acetic anhydride 
99-100 per cent,” supplied by the Eastman Kodak Company has 
been uniformly satisfactory.® 

9. Concentrated sulfuric acid. 


Special Apparatus Required 


1. Volumetric flasks, 5 ce. 

2. Funnels, 2.5 em. in diameter. 

3. Filter paper, 4.5 cm. in diameter. The filter paper must be 
extracted with ether or hot alcohol until completely free of sterols. 

4. Stirring rods, approximately 13 cm. long. 

5. Preserving jars, either pint or quart sizes, with rubber gaskets. 

6. Dropping bottles with ground-in pipettes equipped with 
rubber bulbs. 

7. Glass tube, 6 to 7 mm. in diameter, drawn out to a fine capil- 
lary. The capillary tip should be about 8 cm. long. 

8. Transfer pipettes, for use with rubber bulbs. These pipettes 
are made by drawing out 8 mm. glass tubing. The total length 
should be approximately 13 cm., and the tip should be approxi- 
mately 5cm. long. The orifice should be large enough to permit 
rapid filling and emptying. 

9. Water bath, equipped to hold 15 cc. centrifuge tubes in the 
dark at 25°.6 

10. Zeiss Pulfrich photometer equipped with 5 cm. microcells, 
or any other color-measuring instrument, of equivalent accuracy, 


’ Kahlbaum’s acetic anhydride “‘pro analysis’’ gives values approximately 
5 per cent lower than the Eastman preparation. A fraction, boiling at 
137° (about two-thirds of the original sample), obtained by fractionation 
of the Kahlbaum acetic anhydride with an efficient column, gave the same 
values as the Eastman product. 

* Any pan of fairly large capacity, fitted with a rack and a thermometer, 
is suitable. The pan may be placed in a box with a door or simply covered 
with a dark cloth to exclude light. 
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in which cells at least 5 cm. long and containing not over 2 cc. may 
be used. 

Extraction of Serum or Whole Blood—Approximately 3 cc. of the 
acetone-absolute alcohol solution are placed in a 5 cc. volumetric 
flask and brought to a boil on the steam bath; 0.2 cc. of serum or 
whole blood is added slowly to the hot solution from a capillary 
pipette with shaking.’ The stopper is inserted and the flask is 
shaken vigorously to break up any clumps of protein which may 
have formed. The stopper is removed, washed, and the contents 
of the flask are again heated to boiling. The flask is cooled to 
room temperature,* and the contents are made up to volume with 
alcohol-acetone, mixed thoroughly, and filtered through a small, 
dry filter. The filtrate should be perfectly clear. In case dupli- 
cate determinations are desired, the amounts may be increased 
in approximate proportion. Good results have been obtained 
with extracts made up in 10 ce. flasks from 0.5 ec. of serum. 

Precipitation of Free Cholesterol*—2 cc. of the filtrate are pipetted 
into an ordinary 15 cc. conical centrifuge tube, 1 cc. of the digitonin 
solution is added, and the solution is stirred thoroughly with a 
stirring rod which is left in the tube. The tube is placed in a 
preserving jar (pint or quart size), the cover is placed on tightly, 
and the jar is left overnight'® at room temperature. After stand- 
ing the tube is removed to a test-tube rack and the solution is 
stirred gently to free particles of precipitate which may adhere to 
the walls of the tube; the stirring rod is removed carefully without 
touching the upper part of the tube and laid out on a rack so 
designed that no adherent precipitate is rubbed off; and the tube 


7 In case the cholesterol is expected to be high (350 mg. or more per 100 
ec.), the ratio of serum taken to volume of extract should be reduced. 

8 The accuracy may be increased somewhat by working always at the 
same temperature as the coefficient of expansion of acetone-alcohol is 
relatively high. 

* The procedure is described for a single determination. In practise 
the average time per determination may be greatly shortened by carrying 
through a number of analyses (preferably sixteen to eighteen) together. 

10 Results of sufficient accuracy for ordinary purposes may be obtained 
with 1 hour’s standing (see discussion, p. 754). 

11 We use a rack made of heavy wire designed to hold a number of stirring 
rods. When several samples are run together (as is usually the case), the 
position of the rods is numbered so they may be replaced in the proper 
centrifuge tubes. 
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is centrifuged 15 minutes at about 2500 r.p.m. The supernatant 
solution is drawn off slowly with the fine capillary pipette, to 
which suction is cautiously applied from a pump." Care is taken 
not to touch the wall of the centrifuge tube with the pipette nor 
to stir up the precipitate. A few particles, which are probably 
cholesterol ester, usually float at or near the surface and are drawn 
off with the solution. 

The stirring rod is placed in the tube, and the wall of the tube 
and the rod are washed down with 1.5 to 2.0 cc. of the acetone- 
ether solution. The wash solution is best added from a dropping 
pipette with a rubber bulb attached. The precipitate is stirred 
up thoroughly, the rod is removed to the rack, the tube is centri- 
fuged for 5 minutes, and the supernatant solution is removed as 
before. The suction must be reduced somewhat as the acetone- 
ether solution is drawn off more rapidly than the more viscous 
water-alcohol-acetone solution. The precipitate is washed twice 
more just as before, except that ether instead of acetone-ether is 
used. After the last wash solution is removed, the stirring rod is 
placed in the tube, which is then placed in a water bath at about 
40°. The precipitate becomes dry in 2 or 3 minutes. The last 
traces of ether may be removed by holding a tube, attached to a 
suction pump, in the test-tube for a few moments. The sample 
is now ready for color development. 

Precipitation of Total Cholesterol—1 cc. of the extract is pipetted 
into a 15 cc. centrifuge tube and 1 drop of the KOH solution is 
added" and stirred into solution with a stirring rod which is left 
in the tube. The tube is placed in a preserving jar containing a 
layer of sand about 3 cm. deep which has been heated to about 
40°. The sand acts as a heat reservoir. The cover is clamped on 
tightly and the jar is kept at 37-40° (we utilize an ordinary incu- 
bator) for 4 hour. 


® The suction is reduced if necessary by admitting air through a side 
tube. 

18 The size of the drop may be varied within wide limits by changing 
the height of the burette, or pipette tip above the surface of the solution. 
The closer the tip, the smaller will the drop be as acetone and alcohol vapor 
lower the surface tension of the alkali solution. A few trials with blank 
samples will determine the proper position of the tip. The drop should 
be of such a size that approximately 0.1 cc. of 5 per cent HCl solution are 
required to neutralize it. 
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After hydrolysis the tube is cooled, 1 cc. of the acetone-alcohol 
solution is added, and the solution is titrated with 5 per cent HCl 
(phenolphthalein indicator). The solution is stirred after the 
addition of each drop, and care is taken to insure that a definite 
excess of acid is present. Small amounts of HCl have no effect 
on the precipitation of cholesterol with digitonin, but alkali inter- 
feres. 1 cc. of digitonin solution is added, the solution is stirred 
thoroughly (the suspended salt dissolves immediately), the tube 
is allowed to stand 1 hour or longer, and the precipitate is centri- 
fuged 5 minutes and washed just as has been described for free 
cholesterol except that only one ether washing is necessary. 

Development and Reading of Color—The dried precipitate of 
cholesterol digitonide is now dissolved in 1 cc.” of acetic acid. 
Care is taken, when adding the acid, to wash down the wall of the 
centrifuge tube in case any particles of digitonide may have ad- 
hered to it. Solution may be hastened by warming the tube 
in a water bath at about 60° and stirring. 

Next, the temperature of the water bath is adjusted to 25°, and 
the tubes" are placed in the bath and left for a few moments to 
bring them to temperature equilibrium. One is removed, placed 
in a rack in a small pan, or beaker, containing water at 25°. 2 ce. 
of acetic anhydride are added, followed by 0.1 cc. of concentrated 
H.SQ,, best added from an automatic microburette.” The solu- 
tion is now stirred vigorously (the original stirring rod is still in 
the tube), and the tube is replaced in the water bath. Another 
tube is removed to the small bath and the reagents added as before. 
The interval between the addition of reagents is so timed that not 
less than 27 minutes nor more than 37 minutes elapse between the 
addition of H,SO, and reading. With practise about 2 minutes 
are required for a reading; it is possible, therefore, to carry through 


™ Care must be taken to dissolve any salt adhering to the wall of the 
tube above the surface of the solution. 

15 In case the precipitate appears to be too large to be read, the analysis 
may be saved by adding double amounts of acetic acid, acetic anhydride, 
and H.SQ,. When this step is indicated, can only be learned by experience. 

1 The procedure of color development and reading is described for a 
series of determinations (see foot-note 9). 

17 The measurement of 0.1 cc. of H;SO, is difficult since drainage is slow. 
We have found it best to measure the acid by counting drops. 4 drops 
from our burette are equivalent to almost exactly 0.1 cc. 
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sixteen to eighteen determinations in a series. The temperature 
of the bath is kept at 25° during the procedure. 

In reading the color with the Pulfrich photometer one of the 
cells is filled with a blank solution (1 cc. of acetic acid, 2 ce. of 
acetic anhydride, and 0.1 cc. of H,SO,); the other cell is filled with 
the unknown colored solution, a transfer pipette being used."* 
The percentage transmission is read, the cells are reversed, and 
the reading is taken on the opposite side of the instrument (see 
manufacturer’s directions for details). The solution is poured out, 
and the cell is washed out twice with approximately 0.5 cc. por- 


TABLE I 


Specific Extinction Coefficients of Different Amounts of Cholesterol 
Precipitated According to Procedure Described 























Amount pon... ae Average Esp. Santed Probable error* 
mg. 
0.15 15 1.447 +0.0111 +0.0019 
0.10 18 1.454 +0.0110 +0.0017 
0.05 20 1.449 +0.0226 +0.0034 
0.04 11 1.454 +0.0115 +0.0023 
0.03 12 1.447 +0.0226 +0.0044 
MIL. « tecas ca dervanae a 1.450 +0.0174 +0.0013 





* With 0.025 mg. the probable error was found to be somewhat larger than 
the values shown. Very little color is produced by such small amounts, 
and the error in reading is correspondingly great. Amounts smaller than 
0.03 mg. are rarely met with in working with serum or blood. 


tions of the next unknown solution, a clean transfer pipette being 
used. The percentage transmission is read as before. 

In case an ordinary colorimeter is used, the unknown is com- 
pared with a standard solution of anhydrous cholesterol in acetic 
acid. Since the color fades slowly after reaching the maximum 
(see discussion, p. 757), it is essential that the time of color develop- 
ment be approximately the same for unknown and standard. 
This may necessitate the use of more than one standard during a 


18 Occasionally an insoluble sediment of unknown nature is present. It 
settles during the development of color and does not interfere with the 
reading if care is taken not to stir it up when withdrawing solution for 
filling the cell. 
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series of readings. Only one concentration of standard is necessary, 
since Beer’s law is obeyed. 

The calculation of the amount of cholesterol is based on the 
results of a long series of determinations on known amounts of 
cholesterol (Table I), in which it was shown that the specific ex- 
tinction coefficient (EZ,,.) is constant over the range studied (0.03 
to 0.15 mg.). Ey. = E/(No. of mg. of cholesterol); Z = (—log 
(T/100))/L (where T is the percentage transmission and L the 
length of the cell in cm.). The value of Z,,., which should be 
determined independently by the operator (with pure anhydrous 
cholesterol), was in this laboratory found to be 1.450. The 
amount of cholesterol is given by the value, Eovs./E,p.!* 


DISCUSSION 


In developing this method a great many different modifications 
of technique have been tested with several thousand known and 
unknown samples of free and combined cholesterol. Space does 
not permit a detailed discussion of our experiments. We shall 
take up only those points which are of especial interest. 

Completeness of Precipitation—That the precipitation is com- 
plete under the conditions described is shown by the following 
evidence: (a) When different amounts of cholesterol (from 0.025 
to 0.15 mg.), precipitated according to our procedure, are plotted 
against average extinction coefficients, the points fall almost ex- 
actly on a straight line which passes through the origin. (b) Solu- 
tions of pure cholesterol in acetic acid gave the same specific ex- 
tinction coefficients as cholesterol precipitated according to our 
procedure (Table II). (c) Solutions of cholesterol digitonide in 
acetic acid gave the same extinction coefficients (calculated from 
the cholesterol content) within the limit of error (Table II). (d) 
Amounts of pure cholesterol 10 times as great (0.25 to 1.5 mg.) 
showed essentially the same specific extinction coefficients either 
when precipitated by a modified form of the microprocedure or 
when dissolved in acetic acid and determined directly (Table II). 

Absorption Curves of Color Developed by Cholesterol and by Choles- 
terol Digitonide—The color produced by cholesterol digitonide has 

1® When a great many determinations are to be made, it is worth while 


to prepare a chart on semilogarithmic paper by means of which amounts 
may be read off directly from photometer readings. 
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the same absorption as the color produced by pure cholesterol in- 


the portion of the spectrum where cholesterol shows its maximum 
absorption. This is shown clearly in Chart I. The color was 
developed in acetic acid solutions of cholesterol and cholesterol 
digitonide containing the same amount (1 mg. per cc.) of choles- 
terol. The absorption was measured with a Hilger spectropho- 
tometer. 


Tasie II 
Specific Extinction Coefficients 








No. of 
sano seatel| tat. | Ape 
mg. 

Cholesterol in acetic acid...................} 0.025 5 1.460 
” =—t fei a i Remini; Be 8 1.454 
“ - . w 0.060 6 1.458 
“ “ “ “ 0. 100 9 1.452 
- wh in: ” 0.150 3 1.446 
" A 0.25* 3 1.476 
“ “cc “ “ 0.40* 2 1.446 
“ “ “ “ 0.50* 4 1.455 
“ “ “ “ 0.60* 4 1,451 
" 7 nit Pid cdub aebbiida ties a es 1.00* 6 1.443 
. digitonide in acetic acid........ t 15 1.467 
. pptd. by modified technique....| 0.25* 4 1.453 
" ~— - ....| 0.50* 4 1.451 
™ ” ” " a coe el = 2.00° 4 1.447 
sas allah - " cooel 2.00 2 1.438 














* Read in 0.5 cm. cells. 
t Seven different amounts, ranging from 0.023 to 0.1147 mg. (cholesterol 
content), were measured. 


Time Required for Precipitation—In most of our work we have 
allowed the samples to precipitate approximately 16 hours (over- 
night). However, we have shown by numerous experiments that 
the precipitation of standard solutions of free cholesterol or of 
hydrolyzed cholesterol ester is complete in 1 hour. Unfortunately 
the precipitation of free cholesterol from blood extracts may 
occasionally be somewhat slower, probably owing to the presence 
of other fatty substances in the extract. Values 5 to 10 per cent 
low (as compared with values obtained with overnight standing) 
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have been found in some cases even after 2 and 3 hours standing. 
To be sure of accurate results it is necessary to let the samples 
stand overnight, although fairly good values will be obtained in 


_ most cases after 1 hour. In determinations of total cholesterol in 


blood complete precipitation has always been obtained in 1 hour 
(see Table IIT). 

Saponitfication of Cholesterol Esters—We have analyzed a large 
number of samples of cholesterol oleate with saponification for 4 
hour at 37-40°. The values have always been as high as those 
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CuartI. Absorption curve for color developed by cholesterol (filled in 
circles) and cholesterol digitonide (clear circles). 


obtained with free cholesterol under the same conditions of pre- 
cipitation and reading. A series of twenty-five samples varying 
from 0.05 to 0.15 mg. of cholesterol equivalent, analyzed according 
to the final procedure, gave an average specific extinction coef- 
ficient of 1.451 + 0.0028 as compared with an average of 1.450 
obtained with free cholesterol. 

We have relied more on experiments with blood extracts than 
on determinations of known solutions of cholesterol esters to show 
that complete saponification is obtained, because the nature of 
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Tas_e III 
Determinations of Total Cholesterol in Serum Extracts by Different Procedures 


All extracts were made up | cc. to 25 cc. with the exception noted (Sm, 
0.5 ce. to 25 cc.). 


























‘ m ; t 
: “i ay 
Patient 3 y a Ss ofé “3 
£ }4/8 |e) ahs | 2! 
< mie & & 
ce. min "0000 
eee 30 | Overnight | 184 
WE TRL ELE CELLET EEE 1:1 | 0.15) 30 | 1 hr. 184 
og SERS RPE air ener teres " 1:2] 0.11) 30 |} 1 “ 183 
gE re ee ne ee i 1:3 | 0.08} 30 |} 1 “ 183 
Orr Cg el 30 | Overnight | 250 
I aids sls ried Saptari Ga 1:1 | 0.15) 30 | 1 hr. 250 
ws ; “3 1:2] 0.11] 30; 1 “ 250 
a rel le a ai fale ‘aed leila - 1:3 | 0.07} 30 | 1 “ 250 
OO eee SL 30 | Overnight | 858§ 
ea ee eee eee 1:1 | 0.15) 30 | 1 hr. 862§ 
ae ee ee Cre 5 1:2 | 0.12) 30 |} 1 “ 864§ 
ge ee eee he ” 1:3 | 0.09} 30 | 1 “ 862§ 
“ (0.5 ce. per 25 cc.)....} Indirect | 1:1 30 | Overnight | 862 
“O26 ° * @? ....| Beet 1:1 | 0.14 30 | 1 hr. 858 
~ ae Be “ses es 1:2; 0.11} 30} 1 “ 851 
OF re nse = 1:3 | 0.09) 30 |} 1 “ 862 
“ (whole blood).........| Indirect | 1:1 30 | Overnight | 541 
- a te Direct 1:1 | 0.12} 30 | 1 hr. 541 
- ¥e ee Pree a 1:2 | 0.10) 30 | 1 “ 544 
“ “ “ “ 1:3 0.07 30 1 “ 536 
Ps. " 1:2 30 | 1 “ 247 
” - 1:2 60 | 1 “ 248 
o ” 1:2 90 |} 1 “ 247 
Cs.. - 1:2 30}; 1 “ 320 
” ag 1:2 60 | 1 “ 321 
“ + 1:2 90 | 1 “ 321 











* In the indirect procedure an alcoholic solution of HCl was used for 
titration and the salt was filtered off before precipitation. 

t 1 drop was added ineach case. Values indicate the proportion of KOH 
to water in the solutions used. 

t Amount of 5 per cent HCl required to neutralize the alkali. 

§ Double amounts of reagents were added for development of color so 
the solutions might be dilute enough to be read. 
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the esters existing in blood is not known with certainty. Table III 
presents the results of some of our experiments with serum (and 
one whole blood) filtrates. 1 cc. portions of the same filtrate were 
saponified with 1 drop of different solutions of alkali ranging in 
concentration from 1:1 to 1:3. The time of saponification was 
varied from 30 to 90 minutes. The same values were obtained in 
all cases. Even in one filtrate (patient Sm, 1 cc. to 25 ec.) in which 
very large amounts of cholesterol ester were present (611 mg. per 
100 cc. of serum) the saponification was complete in all determina- 
tions. The same values were obtained as with a filtrate made up 
half as concentrated from the same serum. 

That the saponification is complete is further demonstrated 
by comparison with the Windaus macrogravimetric procedure (see 
Table V). 

Precipitation in Presence of Salt—In all of our earlier work the 
salt precipitate, formed in titration of alkali, was filtered off (with 
a Jena fritted glass filter) before precipitation. To decrease the 
solubility of the salt, a solution of HCl in absolute alcohol was used 
for titration. We have found recently that if the salt is left in the 
tube, it dissolves in the water added as digitonin solution, and does 
not interfere at all with the precipitation. This has been shown 
in experiments with standard solutions of free cholesterol to which 
alkali was added and titrated as in the determination of total 
cholesterol, and by experiments with known solutions of cholesterol 
esters. It is shown conclusively in Table III. The same results 
were obtained on blood filtrates (the final test of a method) whether 
the indirect procedure (with filtration) or the direct procedure 
(with precipitation of digitonides in the presence of salt) was 
employed. 

Development of Color (Effect of Time, Temperature, and Amount 
of H2SO.)—The color formed by the action of acetic anhydride 
and H.SO, on cholesterol develops to a maximum and then fades 
slowly. In 1 or 2 hours the original green color changes to a 
yellow-brown. We have carried out a large series of experiments 
with acetic acid solutions of cholesterol digitonide (containing 0.1, 
0.06, and 0.02 mg. of cholesterol per cc.) to show the effect of tem- 
perature and amount of H,SO, on the time of development and 
fading of the color. In general the results show that the higher 
the temperature and the larger the amount of H2SQ,, the earlier 
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the color reaches a maximum and the earlier it fades, but the maxi- 
mum is the same under all conditions studied. At 25° with 0.1 
ec. of H,SO, the maximum is reached at about 27 minutes after 
the addition of H,SO,; fading starts at about 37 minutes. At the 
same temperature with 0.075 cc. of H,SO, the maximum is not 
reached until after about 35 minutes, and fading becomes evident 
at about 45 minutes. When the color is developed at 30°, fading 
sets in between 25 and 30 minutes after the addition of H.SQ,. 
As at 25° fading starts earlier when larger amounts of H:SO, are 
used. 

Accuracy—The accuracy of the method as applied to solutions 
of pure cholesterol” is shown in Table I. The accuracy when 
applied to blood serum has been tested by duplicate, triplicate, 
and (in a few cases) quadruplicate analyses of forty-six serums. 
In making these determinations the proportion of serum to volume 
of extract was varied widely, and in many cases extracts of 0.2 ce. 
of serum made up to 5 cc. were compared with extracts of 1 ce. 
of serum made up to 25 cc. Errors due to incomplete extraction, 
inaccurate pipetting of small amounts, incomplete precipitation of 
digitonide, and incomplete saponification of esters should have 
become evident under these circumstances. The standard devia- 
tions of the percentage variations from individual averages are 
1.48 per cent for free cholesterol and 1.16 per cent for total choles- 
terol. A few of the data are presented in Table IV. 

Cholesterol added to the alcohol-acetone solution used for ex- 
tracting sera was recovered within the limit of accuracy of the 
method (minimum 97.2 per cent, maximum 99.3 per cent recovery). 

As the final test ef accuracy we have compared the values ob- 
tained with our procedure with those found with the Windaus 
macrogravimetric method (Table V). The error of the Windaus 
procedure is generally believed to lie within the limits of +2 per 


*” The accuracy possible with an ordinary colorimeter equipped with 
microcells is indicated by the results of a series of thirty-three determina- 
tions of known amounts of cholesterol varying from 0.025 to 0.15 mg. The 
standard deviation of the percentage errors was 5.0 per cent (maximum 
deviation, obtained with a sample of 0.025 mg. of cholesterol, 12 per cent). 
A Wratten color filter, No. 7la (made by the Eastman Kodak Company), 
was placed over the eyepiece of the colorimeter. We are indebted to the 
Bausch and Lomb Optical Company for the microcells used in these deter- 
minations. 
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cent, but occasionally the error may be somewhat higher (1). 
The values found with our method were very close to those 
obtained with the Windaus procedure. 







































































TaBLe IV 
Determination of Free and Combined Cholesterol in Human Blood Sera 
TK... wii. « 
, E F aes 
ga] 32 3/4 3 | F 
Pleislel2lal el alalalals 
ce. ce. mg. | mg. | mg ce. cc. mg. | mg. | mg. 
1 0.2 5 | 43.1/148.0|)104.9) 6 1.0 25 | 36.9/108.2) 71.3 
1 0.3 5 | 43.7/150.0/106.3) 12 0.2 5 | 48.0/165.0/117.0 
1 0.5 10 | 44.6/147.0)102.4) 12 0.3 5 | 49.0/164.4/115.4 
1 1.0 25 | 43.0/150.0/107.0) 12 1.0 25 | 48.4/168.7/120.3 
5 0.2 5 | 49.5/146.5) 97.0) 47 0.2 5 | 99.2)349.0/249.8 
5 0.3 5 | 47.0)/146.8| 99.8) 47 0.2 10 |102.5)347.0)/244.5 
5 1.0 25 | 49.5/150.7/101.2| 47 0.15 5 |102.0/354.0/252.0 
6 0.2 5 | 38.6)107.0) 68.4) 47 0.5 25 = |101.1/353.0/251.9 
6 0.3 5 | 37.5)107.3) 69.8 
TaBLE V 
Determination of Total Cholesterol in Serum by Windaus, Bloor, and New 
Methods 
Bloor method New method 
Serum No. Windaus —_ corre 
method Deviation Deviation 
Amount from Windaus} Amount (from Windaus 
met meth 
mg. per 100 ce. | mg. per 100 ec. per cent mg. per 100 cc. per cent 
1 146.0 177 +21.2 138.1 —5.4 
2 293.0 326 +11.3 286.4 —2.3 
3 242.0 296 +22.3 238.2 —1.6 
4 248.5 285 +14.7 243.3 —2.1 
5 166.8 178 +6.7 162.7 —2.5 
6 181.6 175.9 —3.1 
7 192.2 193.2 +0.5 
8 206.9 204.1 —1.4 
9 267.8 272.6 +1.8 




















It must be remembered that digitonin precipitates practically 
all natural sterols, not all of which give color reactions. Colori- 
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metric methods, therefore, yield reliable values only if cholesterol 
is the sole sterol present. Thus the gravimetric procedure of 
Windaus will give higher results than our method if saturated 
sterols such as dihydrocholesterol are present in the blood in rela- 
tively large amounts, as has been found in one case (4). 


SUMMARY 


An accurate, rapid, and relatively simple procedure for the 
determination of both free and combined cholesterol in 0.2 ce. of 
serum or blood has been presented. 


We are indebted to Miss Klara Haager of Freiburg, Germany, 
and Dr. Mary E. Turner and Mr. V. A. Stoyanoff of this labora- 
tory for much valuable assistance in this investigation. 
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THE SYNTHESIS OF THEOPHYLLINE-5-METHYL- 
RHAMNOFURANOSIDE 


By P. A. LEVENE anv IRVING E. MUSKAT* 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York) 


(Received for publication, July 12, 1934) 


The present communication is one of a series dealing with the 
synthesis of the naturally occurring nucleotides. For such syn- 
thesis it is required to develop methods first, for the prepara- 
tion of the nucleosides and second, for phosphorylation of the 
latter in positions (3) or (5) of the ribose chain. Methods for 
phosphorylation in position (5) of the ribose residue have al- 
ready been reported from this laboratory.'? Nucleosides de- 
rived from pyranoses have been described by several workers but 
scarcely any attempts have been made to prepare furanosidic 
nucleosides. Such compounds are of special interest since all the 
naturally occurring nucleosides so far examined are of this type. 

In the present investigation a rhamnofuranose derivative was 
chosen for condensation with theophylline, the reason being that 
5-methyl-triacetyl-rhamnofuranose (V1) is readily converted into a 
crystalline 1-bromo-5-methyl-2 ,3-diacetyl-rhamnofuranose (VII). 
The theophylline condensation product (IX) was obtained in 
amorphous form but had the correct composition and did not 
reduce boiling Fehling’s solution prior to acid hydrolysis. 

The starting material for the preparation of 5-methyl-triacetyl- 
rhamnofuranose (VI) was the monoacetone rhamnose (I) first pre- 
pared by Fischer* and shown: by Freudenberg‘ to have the furanose 
structure. The substance prepared by us had all the properties 
described by Freudenberg; thus the monomethyl monoacetone 
methylrhamnofuranoside (III) could be converted into a mono- 
methyl rhamnose (IV) which, on oxidation, yielded methoxy lac- 
tie acid. 

* National Research Fellow in Chemistry. 

1 Levene, P. A., and Stiller, E. T., J. Biol. Chem., 104, 299 (1934). 

? Levene, P. A., and Tipson, R. 8., J. Biol. Chem., 106, 113 (1934). 

* Fischer, E., Ber. chem. Ges., 28, 1145 (1895). 

‘ Freudenberg, K., Ber. chem. Ges., 69, 836 (1926). 
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A monotosyl derivative (V) of monoacetone methylrhamno- 
furanoside (II) was prepared and this was shown not to react with 
sodium iodide under the conditions which convert primary alco- 
holic groups into iodides. 

Of practical importance for future synthetic work on nucleotides 
was the possibility of the formation of orthoacetates of furanoses. 
Evidence was furnished that 5-methyl-rhamnofuranose (IV) 
forms a 1 ,2-methylorthoacetyl-3-acetyl-5-methyl-rhamnofuranose 
(VIII) although the substance has not yet been isolated in pure 





form. 


Incidentally, occasion was taken to compare the advantages of 
the methylation of the monoacetone methylrhamnofuranose by 
the method of Muskat® with those of the older methods of methyla- 
tion, the result being favorable. 
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5 Muskat, I. E., J. Am. Chem. Soc., 66, 693 (1934). 
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EXPERIMENTAL 


Preparation of Monoacetone Rhamnofuranose (I)—Monoacetone 
rhamnofuranose was first prepared by Fischer* and its structure 
determined by Freudenberg.‘ Freudenberg showed that it existed 
in two forms: (1) m.p. 87-89°, [a], = 13° — 17.8° (in water); 
(2) m.p. 79-80°, [a], = 10.9° — 17.8° (in water). For this investi- 
gation the monoacetone rhamnofuranose was prepared as follows: 
10 gm. of anhydrous rhamnose were suspended in 200 cc. of acetone 
(free of methyl alcohol) containing 0.2 per cent of sulfuric acid. 
Anhydrous copper sulfate (20 gm.) was added and the mixture 
was shaken at 37° for 20 hours. The mixture was filtered and the 
filtrate rendered neutral by shaking with calcium oxide. The 
calcium sulfate and excess calcium oxide were removed by means 
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of filtration and washed with small quantities of acetone. The 
filtrate was evaporated under diminished pressure and the residual 
syrup was distilled. The entire product distilled without decom- 
position at about 115° under 0.2 mm. pressure. The product 
crystallized; m.p. 90°. The pure crystals did not reduce Fehling’s 
solution. 

Its specific rotation was 


+0.13° X 100 


[a]? = “2x 1015 = +6.4° (in water) 
0.36° X 1 
[al> = iE = +17.7° (in water with addition of ammonia) 


The substance had the following composition. 


5.110 mg. substance: 9.935 mg. CO; and 3.610 mg. H.O 
C,H,.0;. Calculated. C 52.90, H 7.8 
204.1 Found. “ 53.01, “ 7.9 


Preparation of Monomethyl M onoacetone Methylrhamnofuranoside 
(IIIT)—Freudenberg?! first methylated monoacetone rhamnofura- 
nose by the Purdie method. He obtained a product which dis- 
tilled at 65-67° under 0.5 to 1 mm. pressure, [a], = —32.5° (in 
water). 

This preparation was repeated, using 20.4 gm. of monoacetone 
rhamnofuranose, 100 gm. of methyl iodide, and 120 gm. of silver 
oxide. The methylation was twice repeated with half the above 
quantities of methylating agents and the product was isolated as 
a colorless, mobile syrup which distilled at 65° under 1 mm. pres- 
sure. Yield, 16.5 gm. (71 per cent). 

Its specific rotation was 


—3.98° x 100 


2xX3.704 —53.7° (in methyl alcohol) 


[elp = 


The substance had the following composition. 


5.179 mg. substance: 10.716 mg. CO, and 3.845 mg. H,O 


5.655 “ a : 11.260 “ Agl 
Ci,H0Os. Calculated. C 56.86, H 8.7, OCH; 26.72 
232.2 Found. “ 56.42,“ 83, “ 26.28 
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Preparation of Monoacetone Methylrhamnofuranoside (II)— 
Monoacetone methylrhamnofuranoside was prepared by the 
method described above for monoacetone rhamnofuranose, except 
that 5 per cent of absolute methy! alcohol was added to the ace- 
tone. The entire product distilled without decomposition at 
100-105° under 0.7 mm. pressure. Two fractions were collected. 
n® = 1.4487 (first fraction), n2° = 1.4520 (second fraction). 

The specific rotation of the first fraction was 

[a]> = Soo = —66.7° (in methyl alcohol) 
—1.86° x 100 


Tx 1.980 = —46.9° (in water) 


lalp = 


The specific rotation of the second fraction was 


»_-1s x0 
la] 71 le 52.4° (in methyl alcohol) 
» _ —1.60° x 100 | — 
[a]5 ‘xime 35.8° (in water) 


Both fractions had the same composition and consisted of mix- 
tures of aand 8forms. The following analysis was obtained from 
the first fraction. 


5.760 mg. substance: 11.650 mg. CO, and 4.300 mg. H,O 


3.070 “ Ps : 3.319 “ Agl 
CioHi30;. Calculated. C 55.02, H 8.3, OCH, 14.22 
218.1 Found. “ 55.15, “83, “ 14.09 


Methylation of Monoacetone Methylrhamnofuranoside—49 gm. of 
monoacetone methylrhamnofuranoside were methylated according 
to the method of Muskat.® 

The potassium salt of monoacetone methylrhamnofuranoside is 
a white, crystalline substance. It is quite soluble in liquid ammo- 
nia and in anhydrous ether. 

The salt reacts very violently with methyl iodide. It is there- 
fore advisable to use ether as a diluent, and to add the methyl 
iodide (slightly in excess of the theoretical quantity) slowly and 
with constant shaking. The entire reaction was carried out at 
the temperature of an ice-salt bath. The reaction mixture was 
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shaken for 10 minutes after all of the methyl iodide had been 
added. In order to insure that the reaction was complete and 
that all the potassium salt had reacted with the methyl iodide, a 
sample of the product was removed and dissolved in water. The 
aqueous solution was neutral, showing that the reaction had 
reached completion. 

The ether was removed by evaporation and the reaction product 
was extracted several times with chloroform. The ether and 
chloroform extracts were combined, filtered, and the solvents 
removed by vaporization. The residual oil distilled completely 
at 65° under 0.1 mm. pressure. Yield, 48 gm. (92.3 per cent). 
n° — 1.4360. 

Its specific rotation was 

—4.94° x 100 


lalp = 2x 4.532 = —54.5° (in methyl alcohol) 


The substance had the same composition as, and is identical 
with, the monomethy!l monoacetone methylrhamnofuranoside pre- 
pared by the methylation of monoacetone rhamnofuranose by the 
Purdie method described above. 

Preparation of p-Toluenesulfonyl Monoacetone Methylrhamno- 
furanoside (V)—p-Toluenesulfonyl chloride (1.6 gm.) was added 
to a solution of acetone methylrhamnofuranoside (1 gm.) in dry 
pyridine (1.5 cc.). The mixture was allowed to stand overnight 
at room temperature and then dissolved in chloroform with the 
addition of water. The aqueous portion was extracted twice with 
small quantities of chloroform. The combined chloroform extracts 
were then washed successively with dilute hydrochloric acid, dilute 
sodium hydroxide, and water. The chloroform solution was now 
dried over anhydrous sodium sulfate, filtered, and the solvent 
removed by vaporization under diminished pressure. 

The product was a pale yellow syrup which crystallized from 
methyl alcohol in white needles, m.p. 80°. The compound was 
very soluble in the usual organic solvents with the exception of 
ligroin. 

Its specific rotation was 

—0.40° x 100 


[aly = 7x3.270 = —12.2° (in CH;OH) 
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The substance had the following composition. 


5.101 mg. substance: 10.200 mg. CO, and 2.755 mg. H,O 


10.050 “ “ —: 6.505 “ BaSO, 
Ci;HO0;8. Calculated. C 54.80, H 6.5, 8 8.60 
372.26 Found. “ 54.52, “ 6.1, 8.95 


2 gm. of the p-toluenesulfonyl monoacetone methylrhamnofurano- 
side were heated in a sealed tube for 2 hours with 2 gm. of sodium 
iodide and 10 cc. of acetone at 100°. The solution was then 
evaporated to dryness under diminished pressure, and the dry 
residue extracted repeatedly with hot chloroform. The chloro- 
form extracts were washed with dilute sodium thiosulfate solu- 
tion and then with water. The chloroform extract was dried and 
the solvent removed by vaporization. 

The resulting oil (2 gm.) was crystallized from methyl! alcohol 
and melted at 80°. A mixture with the original p-toluenesulfony] 
monoacetone methylrhamnofuranoside also melted at 80°. A 
qualitative test for halogen was negative. This is in accord with 
previous observations that a p-toluenesulfonyl group attached to 
a secondary alcoholic group cannot be replaced under these con- 
ditions. 

Preparation of Monomethyl Rhamnofuranose (IV)—The mono- 
methyl monoacetone methylrhamnofuranoside (14 gm.) was hy- 
drolyzed with 1.5 per cent sulfuric acid (300 cc.) for 90 minutes 
at the boiling point (according to the method of Freudenberg‘). 
All the monomethyl monoacetone methylrhamnofuranoside had 
dissolved within that time. The solution was rendered neutral 
with barium carbonate, filtered, and the water removed under 
diminished pressure, at a temperature not exceeding 40°. The 
residual syrup was dissolved: in acetone and filtered from barium 
salts. The acetone was removed by vaporization under dimin- 
ished pressure and a syrup similar to that described by Freuden- 
berg was obtained. 

A sample of the syrupy monomethy! rhamnofuranose was oxi- 
dized with silver oxide according to the method of Freudenberg.‘ 
The silver salt of methoxylactic acid was isolated exactly as 
described by him. 

Preparation of Triacetyl-Monomethyl-Rhamnofuranose (VI)— 
10 gm. of monomethy! rhamnofuranose were dissolved in a solu- 
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tion of 20 cc. of acetic anhydride in 25 ce. of pyridine. The solu- 
tion was allowed to stand at 0° overnight and then poured onto 
ice with shaking. 

The ice-cold aqueous solution was extracted several times with 
small quantities of chloroform and the combined chloroform 
extracts were washed with dilute sulfuric acid, sodium hydroxide, 
and finally with water. The chloroform solution was then dried 
over anhydrous sodium sulfate and the solvent removed under 
diminished pressure. 

The residual syrup distilled almost completely at 128-131° under 
2mm. pressure. On standing, it crystallized in part. The crys- 
tals were separated and recrystallized from methyl alcohol. They 
melted at 114°. 

The specific rotation of the solid was 


—0.45° X 100 
2 X 0.340 


lel = 


= —66.2° (in methyl alcohol) 


The specific rotation of the liquid was 


—0.58° x 100 


1x 2.06 = —28.1° (in methyl alcohol) 


lalp = 

The crystalline form must have the @ structure since in the | 

series the difference between the rotatory values of a — 8 should be 

negative. Both the solid and liquid forms had the same composi- 

tion. The following analysis was obtained for the crystalline 
product. 


4.585 mg. substance: 8.555 mg. CO, and 2.570 mg. H,O 


7.695 “ ” : 6.065 “ Agl 

1100.8 “ 4 required 11.05 cc. 0.1 n NaOH 
CisH20Os. Calculated. C 51.26, H 6.6, OCH; 10.20, COCH; 42.43 
304.2 Found. ** 51.06, “6.3, “ 10.40, “ 42.80 


A portion of the triacetyl-methyl-rhamnofuranose was deace- 
tylated with barium methylate according to the method of Levene 
and Tipson.’ An effort was then made to crystallize the 5-methyl 
rhamnose, but without success. 

Preparation of Bromo-Diacetyl-Monomethyl-Rhamnofuranose 
(VII)—10 gm. of triacetyl-monomethyl-rhamnofuranose were 


* Hudson, C. S., J. Am. Chem. Soc., 31, 66 (1909). 
7 Levene, P. A., and Tipson, R. S., J. Biol. Chem., 93, 631 (1931). 
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mixed with 50 cc. of glacial acetic acid containing 40 per cent of 
dry hydrogen bromide. The resulting solution was allowed to 
stand at room temperature for 60 minutes, after which the hydro- 
gen bromide gas was removed under diminished pressure at room 
temperature. The solution was then diluted with 100 cc. of tolu- 
ene and evaporated to a thick syrup under diminished pressure 
at 35°. Two further portions of 50 ce. of toluene were run in and 
evaporated off. This syrup was now dissolved in 50 cc. of benzene 
and the solution was evaporated to a thick syrup. Traces of sol- 
vent were removed under a high vacuum at 35°. 

The resulting thick, pale yellow syrup was dissolved in dry 
ether, a little charcoal was added, the mixture shaken and filtered 
through a fluted filter, the filtrate obtained being faintly yellow. 
The filtrate was then concentrated by evaporating the ether under 
suction. The rapid evaporation of the ether cooled the solution 
and crystallization set in. The crystals were collected on a filter 
and washed with a mixture of ether and pentane (1:1). The 
colorless crystals melted at 100.5°. 

The substance had the following composition. 


8.570 mg. substance: 4.690 mg. AgBr (direct precipitation) 
C,,H,;0.Br. Calculated. Br 24.6 
325.05 Found. “ 23.3 


Its specific rotation was 


—2.15° 100 
2 X 0.610 


[aly = = —176.2° (in dry chloroform) 

Preparation of Monomethyl-Diacetyl-T heophylline-Rhamnofura- 
noside (IX)—2 gm. of bromo-diacetyl-monomethyl-rhamnofura- 
nose were dissolved in 100 ce. of dry xylene. 2 gm. of the silver 
salt of theophylline, dried to constant weight at 140° under reduced 
pressure, were added and the mixture was kept at about 90° over- 
night, after which no bromine was found in a small filtered test 
portion. 

The mixture was filtered, and the almost colorless filtrate was 
shaken with charcoal and filtered again. On standing overnight 
at room temperature a small amount of theophylline was deposited. 


8 Levene, P. A., and Tipson, R. S., J. Biol. Chem., 92, 109 (1931). 
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The filtrate from this was poured into 2 liters of ligroin and the 
precipitate collected and dried. It has no definite melting point. 
It shrinks at about 62° and melted at about 83°. This is char- 
teristic of similar theophylline derivatives. 

Its specific rotation is 


—0.55° x 100 


sxim —23.2° (in methyl alcohol) 


lalp = 


The substance had the following composition. 
5.190 mg. substance: 9.625 mg. CO, and 2.730 mg. H,O 


1.940 “ =i : 0.215 cc. N (757 mm., 29°) 
CisH2OsN,. Calculated. C 50.94, H 5.66, N 13.2 
424.1 Found. ** 50.60, “* 5.88, “ 12.5 


Preparation of 1 ,2-Methylorthoacetyl-3-Acetyl-5-M ethyl-Rhamno- 
furanose (VIII)—The orthoacetate was prepared according to the 
method of Haworth.® 1 gm. of the bromo-diacetyl-monomethyl- 
rhamnofuranose was dissolved in dry methyl alcohol containing 
2 cc. of quinoline and the solution allowed to stand in the refrig- 
erator during 3 hours. 50 cc. of chloroform were then added and 
the quinoline was removed by shaking with dilute sulfuric acid. 
The chloroform extract was now washed with sodium bicarbonate 
and finally with water and dried over anhydrous sodium sulfate. 
The chloroform was removed by evaporation and the residual 
colorless oil was kept under a high vacuum overnight. n* 
= 1.4490. 

The specific rotation was 


+0.75° x 100 


= e °; 1 
2x Lise ~ +2!.5° (in methyl alcohol) 


lalp = 


The substance had the following composition. 
4.600 mg. substance: 8.800 mg. CO, and 2.845 mg. H:O 


5.495 “ - : 9.000 “ Agl 
124.6 ” ™ required 6.75 cc. 0.1 n NaOH 
Ci:H200;. Calculated. C 52.1, H 7.3, OCH; 22.4 
276.1 Found. ** 52.16, “6.9, “ 21.6 
Calculated. COCH; 15.6 for one acetyl group 
“31.2 “ two “ = groups 
Found. “« 2.2 





* Haworth, W. N., J. Chem. Soc., 2862 (1931). 
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The substance was therefore a mixture of the glycoside and the 
orthoacetate and no effort was made to separate them. 


We wish to thank Dr. R. 8. Tipson for his kind assistance in the 
preparation of the manuscript. 
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LUTION OF di-GALACTURONIC ACID* 
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(From the Biochemistry Research Laboratory, Department of Agricultural 
Chemistry, University of Wisconsin, Madison) 


(Received for publication, May 17, 1934) 


INTRODUCTION 


In 1891 Fischer and Piloty reported the synthesis of d-glucuronic 
acid (1). These investigators reduced a solution of d-saccharic 
acid lactone with sodium amalgam and isolated crystalline d-glucu- 
rone in about a 1 per cent yield. The general method of partial 
reduction of a dicarboxylic acid lactone to the corresponding uronic 
acid has been applied by us recently to the synthesis of d- and 
l-mannuronic acids, dl-galacturonic acid, and dl-alluronic acid 
(2-5). In this communication we report the synthesis of /-glu- 
curonic acid by the same general procedure. The reactions 
involved in the synthesis are illustrated by the following struc- 
tural formule. 








r—CO r-——CO CHO 
CHO HCOH HOCH HOCH 
HCOH HCOH HCOH HCO— 
HOCH —— ‘—OCH ——-— *—OCH ——— HOCH 
HCOH HCOH. — HOCH HOCH 
HCOH HCOH COOH oc— 
H H 
d-Xylose y-d-Gulonolactone _-l-Saccharolactone l-Glucurone 


(not isolated) 


The above formule suggest several points that deserve dis- 
cussion. It has been pointed out by Tollens (6) that d-saccharic 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
Supported in part by grants from the University Research Fund. 
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acid monolactone may exist in two isomeric forms, which are 
designated simply as a and 8. Similarly for /-saccharic acid we 
may expect the same number of isomeric monolactones; ¢.g., 


r——CO COOH 
HOCH HOCH 
HCOH d HCO— 
\__OCH - HOCH 
HOCH HOCH 
COOH oc— 
a-y-l-Saccharolactone 8-y-l-Saccharolactone 


It is evident that, upon partial reduction, the a-lactone will yield 
l-glucuronic acid, and the 8-lactone d-guluronic acid. This raises 
the question as to whether or not an aqueous solution of saccharic 
acid will contain both isomeric monolactones. The isolation of 
d-glucurone (1) is given as evidence for the existence of the a-mono- 
lactone in the case of d-saccharic acid (6). Similarly in this 
research we can consider the isolation of /-glucurone to be indica- 
tive of the existence of the a-monolactone of /-saccharic acid. 

Direct evidence for the presence of the 8-monolactone in a solu- 
tion of either d- or l-saccharic acid is lacking, but there remains 
the possibility that it may exist and that l- or d-guluronic acid is 
formed in conjunction with d- or l-glucuronic acid when an aqueous 
solution of d- or l-saccharie acid is subjected to reduction with 
sodium amalgam. At present it is impossible to decide this ques- 
tion because of the lack of conclusive experimental observations. 

The observed formation of y-d-gulonolactone during the syn- 
thesis of /-glucurone is obviously the result of an overreduction of 
the uronic acid. The presence of the aldonolactone contributes 
to the difficulty encountered in obtaining crystalline /-glucurone 
but it may not be the only factor responsible for the low yields 
obtained in this synthesis. Fischer and Piloty (1) state that the 
synthesis of d-glucurone from d-saccharic acid cannot be con- 
sidered as a practical method of preparation. Our experience with 
the 1 compound is in complete accord with this view. 

The values reported for the melting point of d-glucurone vary 
from 167-180°. Due to the fact that the compound decomposes 
slowly before the melting point is reached, the rate of heating is a 
very important factor. The value reported herewith for the melt- 
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ing point of /-glucurone was obtained when the temperature of the 
bath was raised at the rate of 5-6° per minute. More rapid heat- 
ing produced higher melting points. 

The synthesis of dl-galacturonic acid from mucie acid was 
reported by us recently (4). At that time an effort was made to 
resolve the dl acid through the fractional crystallization of brucine 
dl-galacturonate. This and later attempts, with the same tech- 
nique, met with only partial success. Whereas, it was possible, 
through the fractionation of the brucine salts, to obtain the d acid 
in a state of optical purity, it was impossible to prepare the / acid 
in an uncontaminated condition.! 

It is generally recognized that a racemate possesses physical 
properties that are different from those exhibited by the active 
forms (7). Thus under conditions favorable to racemate forma- 
tion it should be possible to separate a partially resolved acid into 
a racemate and an active form. This situation has been realized 
and we have been able to obtain optically pure /-galacturonic acid 
from a mixture containing 35 per cent of the d acid and 65 per 
cent of the / acid by fractional crystallization from 75 per cent 
ethy! alcohol. 

l-Galacturonic acid, its oximehydroxylamine salt, and its diace- 
tone compound have been described previously (8). As an addi- 
tional representative derivative of l-galacturonic acid we now 
report the preparation and properties of a-methyl-l-galacturonide 
methyl ester.2. In addition we have prepared a methylglycoside 
methyl ester of dl-galacturonic acid and have determined its 
properties. 


EXPERIMENTAL 


The methods used for the determination of the melting points 
and rotations have been described in this Journal (10). The 
exact experimental details in the preparative work are given only 
where the general technique has not been previously reported in 


1 Repeated recrystallization from five solvents were unsuccessful. Mix- 
tures containing from 30 to 40 per cent of the d acid were invariably 
obtained. 

2 The system of nomenclature used in this case is that of Hudson (9), 
wherein the isomer possessing the highest rotation, either dextro or levo, 
is designated as the a form. This arbitrary designation has no structural 
implications. 
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papers published either by ourselves or others. All analyses were 
made with the Pregl micromethods. 

Preparation of Calcium |-Saccharate—Crystalline d-xylose was 
converted into crystalline y-d-gulonolactone by the method of 
Fischer and Stahel (11). Following the directions described by 
the same authors the aldonolactone was oxidized with nitric acid 
and the dicarboxylic acid isolated as the calcium salt. 


Analysis—C,H,0;Ca-4H,0. Calculated. Ca 12.50 
Found. ** 12.45 


Preparation of Crude Barium |-Glucuronate—35 gm. of the above 
calcium salt were dissolved in sufficient hot water and the calcium 
removed by the addition of the requisite quantity of oxalic acid. 
The aqueous solution of /-saccharic acid was then concentrated 
under reduced pressure to a thick syrup which was heated on a 
boiling water bath for 4 to 5 hours. The colored syrup was 
diluted to 600 cc. and reduced with 2.5 per cent sodium amalgam 
in the usual manner (1-3, 13). The hexuronic acid present in 
the reaction mixture was then converted into the barium salt 
(2, 3) and isolated in this state. The yield was 9.0 gm. 

Rotation—{a]?> = —8.5° + 1.0° (in water, c = 0.73 per cent). 


Analysis—(C,H,O;).Ba. Calculated. Ba 26.30, CHO 11.10 
Found. —_ 9.00 


Preparation of l-Glucurone—8.0 gm. of the crude barium salt 
were converted into the lactone in the same manner as described 
for the preparation of d- and /-mannuronolactone (2, 3) with the 
exception that the barium was removed as the oxalate instead of 
the sulfate. The first crystalline substance obtained (0.30 gm.) 
did not have reducing properties when purified, and possessed a 
melting point of about 183°. Upon the removal of this material 
and after standing for a period of several weeks in the presence of 
acetone a small quantity (0.20 gm.) of /-glucurone crystallized 
from the residual syrup. This crude product was contaminated 
with a small amount of the previously isolated non-reducing sub- 
stance. The compound was purified by two recrystallizations 

* Later, while engaged in obtaining a further quantity of /-glucurone, 


the method of La Forge (12) was used for the preparation of this inter- 
mediate. 
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from hot water and ethyl alcohol and dried over phosphorus 
pentoxide for 1 week prior to the determination of its character- 
istic properties and analytical constants.‘ 
Melting Point—The lactone sintered and darkened at about 
165° and melted with decomposition between 169-172°. 
Rotation—{a]® = —18.5° + 1.0° (in water, c = 0.6 per cent). 


Analysis—C,H;O,. Calculated. C 40.92, H 4.55 
Found. ** 40.99, “* 4.90 


Characterization of Non-Reducing Substance—The crystalline 
non-reducing substance obtained during the isolation of l-glucurone 
was recrystallized from 95 per cent ethyl alcohol and dried over 
phosphorus pentoxide at room temperature for several days. The 
compound so prepared had a melting point of 183-184° and pos- 
sessed an [a] of —54.0° (in water), indicating that the compound 
in question was y-d-gulonolactone. Additional evidence was 
found to verify this contention. A mixed melting point with an 
authentic specimen of the aldonolactone showed no depression. 

Preparation of dl-Galacturonic Acid—dl-Galacturonic acid was 
prepared by the method of Niemann and Link (4) with the follow- 
ing important modifications.’ After the reduction of the mucic 
acid lactone with sodium amalgam the solution was adjusted to 
neutrality with sodium hydroxide and concentrated to a small 
volume. The organic acids were liberated by the addition of the 
requisite quantity of sulfuric acid (5 N) and the sodium sulfate 
removed from the concentrate by the addition of 10 to 12 volumes 
of 95 per cent ethyl alcohol. From this stage the barium salt 
was isolated as previously described in other communications from 
this laboratory (2, 3, 5). The barium dl-galacturonate was con- 
verted into the free acid’ by the usual method (4, 14) and was 
obtained as the monohydrate. 

Melting Point—The acid sintered at 110° and melted with 
decomposition at 156—158°. 


‘ The aldehydic nature of the compound was demonstrated by the reduc- 
tion of Fehling’s solution when heated with that reagent and by its ability 
to reduce the alkaline hypoiodite reagent. 

5 As previously cited (5) we have abandoned the use of basic lead acetate 
for purposes of intermediate isolation and have resorted to the technique 
described by Fischer and Piloty (1), 
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Analysis 
C.H,.00;-H:,0. Calculated. Neutralisation equivalent 47.20 cc. 0.1 N alkali 
Found. “« 48.00 “* O1% “ 


Isolation of d-Galacturonic Acid—10.0 gm. of dl-galacturonic 
acid monohydrate were dissolved in 50 cc. of 90 per cent ethyl 
alcohol and added to a solution of 20.0 gm. of brucine dihydrate 
in 50 cc. of the same solvent. After standing overnight in the 
ice chest the crystalline precipitate was collected (about 28 gm.) 
and recrystallized from 150 cc. of a 70 per cent acetone water 
mixture. The product was again recrystallized from 200 cc. of 
75 per cent acetone and after washing freely with methyl alcohol 
and chloroform was dried at room temperature over phosphorus 
pentoxide. The preparation (10 gm.) melted at 180-181° with 
decomposition. 

12.0 gm. of the brucine salt were dissolved in 100 cc. of water 
and 100 cc. of saturated barium hydroxide added to the cold 
solution. The brucine was removed by filtration and extraction 
with chloroform. The excess alkali was then neutralized with 
carbon dioxide, the solution heated at 60° for 30 minutes, the 
barium carbonate removed, and the barium salt of the uronic 
acid isolated from the filtrate in the usual manner (14). The 
yield was about 5 gm. and the salt when thoroughly dried at 78° 
under 1 mm. pressure had an [a] of +25.8°. 

4.0 gm. of the above barium salt were converted into the free 
acid (4, 14) and isolated as the monohydrate (1.9 gm.). 

Melting Point—The acid sintered at 110° and melted with 
decomposition at 157—159°. 

Rotation—{a]?> = +50.0° + 2.0° (in water, c = 1.36 per cent). 


Analysis 
C.Hi.07-H,0. Calculated. Neutralisation equivalent 47.20 cc. 0.1 N alkali 
Found. - one" = 


Isolation of \-Galacturonic Acid—The mother liquors resulting 
from the isolation and recrystallization of brucine d-galacturonate 
(above) were combined and concentrated, whereupon a brucine 
salt (7.0 gm.) of melting point 162—163° was isolated. 12.0 gm. 
of this salt upon treatment with barium hydroxide yielded 5.0 gm. 
of a barium salt which had an [a]? of —7.0°. 4.26 gm. of this 
barium salt (35 per cent d- and 65 per cent I-) were treated with 
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14.20 ce. of N sulfuric acid. The uronic acid was isolated from 
the reaction mixture in the usual way (14) and fractionated accord- 
ing to the following scheme. All crystallizations were carried out 
at 25°. 


Reaction mixture 


Fraction A 
Recrystallized from Concentrated and re- 
75 per cent EtOH crystallized from 
75 per cent EtOH 
Concentrated Concentrated 


} 
Fraction B Fraction C Fraction D Fraction E 

















The yields and rotations of the various fractions are given in 
the accompanying tabulation. 








Fraction Yield Rotation [a]> in water 
mg. degrees 
B 1400 —5.0 + 1.0 
Cc 70 —40.0 + 2.0 
D 30 —52.0 + 2.0 
E 15 —43.0 + 2.0 











From the tabulation it is evident that Fraction D is an optically 
pure specimen of /-galacturonic acid. Fractions C and E can be 
combined and recrystallized to yield a further quantity of the 
lacid. A theoretical yield requires the isolation of 2.1 gm. of the 
racemic acid and 0.9 gm. of the levo acid. The following are 
constants exhibited by Fraction D. 

Melting Point—The acid melts with decomposition between 
156-158°. 

Rotation—{a]*> = —52.0° + 2.0° (in water, c = 0.18 per cent). 


Analysis 
C.H,.00;. Calculated. Neutralization equivalent 51.52 cc. 0.1 Nn alkali 
Found. ” = aa e- | ™ 


Preparation of a-Methyl-l-Galacturonide Methyl Ester—0.13 gm. 
of dry l-galacturonic acid was treated with 50 cc. of 0.5 per cent 
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methyl alcoholic hydrogen chloride and converted into the methy] 
ester methylglycoside in the usual manner (15-17). The crude 
product was purified by recrystallization from 95 per cent ethyl 
alcohol and dried for 1 week at room temperature over phosphorus 
pentoxide prior to analysis. The yield was 0.01 gm. 

Melting Point—The compound melted gradually between 130- 
135°. 

Rotation—{a]?> = about —120% (in water, c = 0.3 per cent). 

Preparation of Methyl Ester Methylglycoside of dl-Galacturonic 
Acid—0.92 gm. of dry dl-galacturonic acid was transformed into 
the ester glycoside by the general procedure described above. The 
product obtained from the reaction mixture was recrystallized from 
95 per cent ethyl alcohol and dried for 24 hours at 78° under 1 
mm. pressure over phosphorus pentoxide prior to analysis. The 
yield was 0.2 gm. 

Melting Point—The compound melted between 126-128°. 


Analysis—C;H,,0O;. Calculated. OCH; 27.93 
Found. “27.70 


SUMMARY 


1. Crystalline /-glucurone has been synthesized by the partial 
reduction of l-saccharic acid lactone and its properties are in 
accord with those of its previously known enantiomorph. 

2. dl-Galacturonic acid has been resolved into its optically 
active components. 

3. The preparation of a-methyl-l-galacturonide methyl ester 
and a methyl ester methylglycoside of dl-galacturonic acid has 
been described. 


We wish to thank Dr. Eugene Schoeffel for conducting the 
microanalyses and Dr. Sam Morell for raising the question as to 
the existence of the isomeric monolactone of saccharic acid. 
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AN ULTRAMICROMETHOD FOR THE DETERMINATION 
OF THE OXYGEN CONTENT OF BLOOD 


By JOHN 8S. DONAL, Jr. 


(From the Laboratory of Pharmacology and the Johnson Foundation for 
Medical Physics, School of Medicine, University of Pennsylvania, 
Philadelphia) 


(Received for publication, July 10, 1934) 


The desire to make accurate estimations of oxygen in very 
small amounts of blood has led to the development of numerous 
methods to accomplish thisend. For example, the oxygen in 0.05 
cc. of blood has been estimated by Krogh (1919), employing a 
modification of the spectroscopic method of Hartridge (1912). 
Recently Mook (1930, 1931), using a modification of the princi- 
ples introduced by Van Slyke (1917) and by Van Slyke and Neill 
(1924), has determined the oxygen content of blood samples from 
0.05 to 0.07 cc. in volume. 

The observation that positive ions are formed at the surface of 
a heated tungsten filament when in an atmosphere containing 
traces of oxygen (Donal, 1930) suggested that a method might be 
devised for accurately estimating amounts of this gas in much 
smaller samples of blood, water, or any solution from which it 
could be quantitatively extracted. This principle being used, a 
method has been developed to determine the oxygen in quantities 
of the order of 0.001 cc: of blood. Compared with the results of 
determinations of large samples of the same blood by the method 
of Van Slyke and Neill (1924), the mean difference is —0.16 
volume per cent and the average deviation of the results from 
this difference is 0.56 volume per cent. 


Method 


Measurement of the sample to be analyzed and of the reagent 
used to facilitate liberation of oxygen is accomplished by an adap- 
tation of the capillary tube technique of Richards, Bordley, and 
Walker (1933). A fraction of the gases extracted from the sample 
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of blood is admitted to an evacuated chamber containing a hot 
tungsten filament. The positive ions formed at the filament sur- 
face are attracted to a negatively charged collecting electrode. 
The resulting current is amplified and measured by means of a 
sensitive galvanometer. To transfer this reading into volumes of 
oxygen released by the blood it is only necessary to repeat the 
procedure with a sample of a gas of known oxygen content. Air 
is ideally suited to this purpose. 

It has been demonstrated that the initial deflection of a galva- 
nometer of the d’Arsonval type is directly proportional to the 
potential applied to the instrument, when this potential decreases 
exponentially with the time and the negative exponent is a con- 
stant (Laws, 1917). It can be shown mathematically that in such 
experiments as are described below the initial deflection of the 
galvanometer is directly proportional to the quantity of oxygen 
introduced into the chamber containing the hot tungsten filament. 
The results of the experiments confirm this. 


Apparatus 


The apparatus in which the gases are released and brought in 
contact with the tungsten filament, together with the arrangements 
for measuring the positive ions, is illustrated in Fig. 1. It consists 
of a series of glass chambers separable from one another by glass 
stop-cocks and connected at two points to the vacuum pumps by 
tubes equipped with stop-cocks. ‘The pumps used were a Megavac 
(Central Scientific Company) and a single stage mercury vapor 
diffusion pump. Pressures as low as 10-° mm. of mercury were 
readily obtainable. Measurements of pressure were made with 
the usual type of McLeod gage, the one employed being calibrated 
from 5 X 10-* to 1 X 10-* mm. of mercury. 

Chamber A is the space in which the gas is initially released. 
As soon as this is effected, chamber B is connected with A and 
the gas distributes itself between the two. B is then discon- 
nected from A and connected with the drying tube C and the 
chamber beyond it by rotating the plug through 180°. Then, on 
closing stop-cock J a portion of the gas is isolated in chamber D. 
From this it is admitted into the space containing the tungsten 
filament and the positive ions formed at the filament surface are 
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collected by a negatively charged electrode. The resulting cur- 
rent, after amplification, deflects a sensitive galvanometer. 
The small chamber D’ permits the introduction into the filament 
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Fig. 1. Apparatus for the determination of oxygen in small samples of 
blood. The holes H to hold the samples are eight in number, on the circum- 
ference ofacircle. The joint at the top of chamber C and the De Khotinsky 
seal indicated at J permit the removal of the lower portion of the apparatus 
for replacement of the reagents used for desiccation. 
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chamber of any gas mixture desired for experimental purposes. 
It is used only for control experiments. 

Details—A is the space between the upper surface of the glass 
plug G and the sleeve of the hollow stop-cock B. When the stop- 
cock F is in the position illustrated in Fig. 1, A or both A and B 
can be exhausted separately from the rest of the apparatus through 
the passage in F. The sample of blood to be analyzed or of air 
for calibration is contained in a sealed capillary glass tube placed 
upright in one of the holes drilled into the upper surface of plug G. 
After the plug with its capillary tube or tubes has been tightly 
fitted into its sleeve, and after the chamber A has been com- 
pletely exhausted, stop-cock F is turned, a projection on it breaks 
the capillary, and the contained gases are released. 

The hollow stop-cock B serves to receive a known part of the 
extracted gases. When turned it transfers its contents into the 
chambers above and at the same time isolates the gases to be 
analyzed from contact with the remainder of the blood sample, 
the fluid part of which, evaporating into the vacuum, would other- 
wise soon saturate the desiccators. In order to increase the frac- 
tion of the extracted gases received by B, it was of advantage to 
make the volume of chamber A as small as possible. To this end 
a solid glass cylinder was cemented to the top surface of plug G, 
as indicated in Fig. 1. 

The drying tube contains a column of anhydrous magnesium 
perchlorate (Willard and Smith, 1922) 5 em. long and a column of 
phosphorus pentoxide 7 cm. long. If desired the stop-cock J 
permits any portion of the gas from B to be held in the drying tube, 
slowing the initial rush of gas from B into the evacuated chamber D. 

Chamber D permits the isolation of a portion of the dried gases. 
The closure of stop-cock J before admission of the contents of D 
into the filament chamber prevents uncertainties arising from 
variations in the rate of flow of additional gas from B through the 
desiccator. 

The tungsten filament used in chamber E has a surface area 
of approximately 60 sq. mm. The ions formed at its surface are 
attracted to a flat circular nickel electrode which is maintained 
at a potential of 45 volts below that of the filament by means of 
dry batteries. In order to facilitate replacement after extensive 
oxidation the tungsten filament is mounted on a removable 
vacuum-tight joint. 
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A vacuum tube current amplifier, of the type described by 
Razek and Mulder (1929), is connected as shown in the figure 
and used to magnify the current resulting from the collection of 
positive ions by a factor of from 2 to 20 times. A reflecting 
d’Arsonval galvanometer,! protected by an Ayrton-Mather uni- 
versal shunt, is connected to the output terminals of the current 
amplifier. The current sensitivity of the galvanometer is approxi- 
mately 1 X 10~* amperes per mm. of deflection at 1 meter dis- 
tance. The period (9.6 seconds) was found by experiment to be 
approximately 6 times the duration of the measurable ion collec- 
tion for the largest samples used. 


Procedure 


Reagents—In preliminary experiments it was found that the 
extraction of oxygen from unlaked blood was incomplete. There- 
fore the blood was treated with saponin and potassium ferricyanide 
before exposure to the vacuum. Extraction was found to be 
complete after this treatment and the reagent now employed is 
that of Van Slyke and Neill (1924) with the exceptions that only 
half the prescribed amount of water is added and, as foaming is 
not a factor, the octyl alcohol is omitted. As it is impracticable 
to extract the oxygen dissolved in the reagent, it is saturated with 
air before being used. Water introduced into the apparatus with 
the air sample is similarly treated. Oxygen is assumed to have 
the same solubility in the reagent as in the distilled water, and 
the amount of oxygen dissolved in each is calculated from the 
Landolt-Bérnstein solubility tables (1923). These quantities of 
oxygen are subtracted from the totals found to secure the oxygen 
actually present in the blood and air. The exact procedure will 
be illustrated in a sample calculation. 

Measurement of Samples—The oxygen content of a blood sample 
is determined by comparing the galvanometer deflection yielded 
by the blood with the deflection obtained from a sample of air 
introduced under the same conditions. Since the oxygen content 
of the blood is proportional to the ratio of the galvanometer deflec- 
tions per unit volume of blood and per unit volume of air, only 
the ratio of the sample volumes is essential. 


1 Manufactured by the Leeds and Northrup Company. 
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The samples of blood and of air are prepared in adjacent por- 
tions of the same piece of mechanically drawn glass tubing,? of 
approximately 0.6 mm. internal diameter. Pieces of this tubing 
60 cm. long were broken into many short sections and the internal 
diameters of the sections measured with a dividing engine. In 
no case did the diameter of any one section of a 60 cm. piece vary 
more than 1 per cent from the average of all measurements on 
portions of that piece. This uniformity permits the calculation of 
the ratio of the volumes of the samples from measurements of 
their lengths alone. 

The lengths, 2 to 4 mm., of the columns enclosed in the capillary 
tubes are measured by fastening each sample with wax to the same 
portion of a steel scale engraved in 0.25 mm. divisions, and reading 
the lengths with the aid of a microscope having a 10-fold magnifica- 
tion. Measurements of column lengths were made between planes 
tangent to the surfaces of all menisci. The lengths thus measured 
were corrected by a distance equal to one-third the height of each 
meniscus. Repeated measurements of the same column seldom 
differ by more than 1 per cent. 

Preparation of Samples—The blood was delivered under oil, 
from the syringe in which it was collected, to a small beaker. A 
sample is taken into a capillary pipette and transferred to a 
mercury-filled capillary tube in such a way that it is protected 
from exposure to air by mercury at either end of the column. An 
approximately equal volume of the reagent is similarly introduced 
into the capillary, separated from the blood and from outside air 
by mercury. The ends of the tube are sealed with De Khotinsky 
cement and, after measurement of the lengths of the columns, 
the blood and reagent are mixed by centrifuging. The capillary 
tube containing air, and a small quantity of water to insure satura- 
tion of the air with water vapor, is prepared in a similar manner. 

Details of Preparation of Samples—The syringe (‘‘water manipu- 
lator’”’) described by Richards, Bordley, and Walker (1933) was 
filled with mercury and attached by rubber tubing to a piece, 
about 30 cm. long, of the 0.6 mm. capillary tube. By turning the 
micrometer screw the piston of this syringe is advanced so that 
the rubber tubing and the capillary are filled with mercury. The 


2 Manufactured by the International Resistance Company, Philadelphia. 
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mercury column is then withdrawn about 1 cm. from the tip of 
the capillary to make room for the introduction of the blood 
sample. A pipette with a tip of about 0.15 mm. outside diameter 
and several cm. long is fitted with a rubber tube for the applica- 
tion of pressure by mouth. Blood, preceded and followed by 
droplets of oil to exclude air, is then withdrawn into the pipette 
from a sample under oil and the tip of the pipette is introduced 
into the open end of the capillary and held close to the mercury 
meniscus. Enough blood is ejected to fill the open end of the 
capillary and to expel from the capillary the oil drop initially in 
the tip of the pipette. (If this droplet of oil is allowed to remain 
in the end of the capillary it is very difficult to prevent its inclu- 
sion in the final blood column, which results in an uncertainty in 
the measurement of the column length.) As this procedure 
exposes the blood in the open end of the capillary to air, this por- 
tion is discarded immediately by introducing a pipette filled with 
mercury and displacing all but about 3 mm. of the blood with 
mercury. The capillary now contains the blood sample sealed at 
each end with mercury. 

To shorten the total length of the capillary required all but about 
3mm. of the mercury column at the tip of the capillary are expelled 
by manipulation of the syringe. A column of double strength 
Van Slyke and Neill’s reagent, of approximately the same length 
as the blood column, is then introduced into the capillary, between 
two mercury columns, in the manner described above. 

Finally, a length of about 2 cm. of the capillary, containing the 
blood and reagent, is marked with a file and broken off through 
the mercury column. The lengths of the blood and reagent 
columns are measured, the ends of the capillary are sealed with 
De Khotinsky cement, and the blood and reagent are mixed by 
centrifuging. The appearance of the tube after sealing is shown 
in Fig. 2, a. 

The air sample is prepared in the portion of the capillary tube 
adjacent to that used for containing the blood. To insure satura- 
tion of the air with water vapor, a column of water is placed 
between the mercury columns at the ends of the tube and each 
end of the column of air. The method of introduction of the air 
and water is similar to that already described for the blood and 
reagent. After several hours have been allowed for the air and 
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water to come into equilibrium, the lengths of the columns are 
measured and the temperature is recorded. A 2 cm. length of 
the capillary is then marked with a file and broken off, and the 
ends of the tube are sealed with De Khotinsky cement (Fig. 2, 6). 

Since it was found that the observed galvanometer deflections 
are directly proportional, over a wide range, to the oxygen content 
of the samples used, the samples of blood and of air need not be 
prepared to yield the same amount of oxygen. 

Preparation of Apparatus—After fresh reagents have been placed 
in the drying tube, the next step in the preparation of the appa- 
ratus for an experiment is to begin heating the mercury in the 
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Fig. 2. Appearance of the sealed capillary tubes containing the samples. 


vapor pump. The potentials are usually applied to the amplifier 
at this time, since it requires about half an hour to become stable 
in operation. At the end of 15 or 20 minutes the Megavac pump 
is started and the filament chamber, the drying tube, and the 
chamber between them are connected to the pumps. The out- 
side of the filament chamber is now heated carefully with a Bunsen 
flame for several minutes and then allowed to cool, at which time 
the gas pressure in the system should not be above 10-* mm. of 
mercury. When the pressure has been reduced to this value, the 
tungsten filament is heated electrically to a cherry-red color. The 
filament temperature is unimportant, provided it is not too high, 
as will be discussed later. The current in the filament circuit is 
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measured by an ammeter and maintained constant to about 1 per 
cent by means of a variable resistance. 

For about 15 minutes after the connection of the filament the 
reading of the galvanometer is found to be variable, owing to 
oxygen being given off from the internal surface of the filament 
chamber. When the galvanometer becomes constant, the tubes 
containing the samples to be analyzed are placed in the holes of 
plug G of Fig. 1 and the plug is seated in its sleeve. The filament 
chamber is then disconnected from the vacuum pumps, chambers 
A and B are evacuated, and the filament chamber is connected 
to the pumps again. The apparatus is now ready for the first 
determination. The preparations described, exclusive of renewing 
the drying agents, may be made in from 45 minutes to 1 hour. 

Determination of Oxygen Content of a Sample—In order to clarify 
the procedure of a single determination, a schedule of the necessary 
steps is given below. Samples of blood and of air are analyzed 
alternately and with exactly the same procedure. In the cases 
in which the successive determinations on air fail to agree exactly, 
interpolation on the basis of time has been found to yield the ex- 
pected accuracy for the estimations of blood oxygen. 

When the apparatus has been prepared as described, it is regu- 
larly found that the sequence of manipulations outlined below 
gives rise to a galvanometer deflection even though no tube con- 
taining a sample has been broken. These blank estimations are 
repeated until the resulting galvanometer deflections reach a con- 
stant value, usually corresponding to approximately 0.005 c.mm. 
of oxygen, with a probable error of about +0.001 c.mm. of oxygen. 
It is rarely necessary to make more than three or four blank estima- 
tions. The tube containing the first sample is then broken and 
the oxygen content of the sample determined, and a single blank 
estimation is made before breaking each subsequent tube. If the 
results of these blanks agree, it is certain that the apparatus does 
not leak. 

The schedule for a determination is as follows: 

1. At 0 minutes, 0 seconds, the hollow stop-cock B of Fig. 1 is 
placed in communication with the drying tube and stop-cock F 
is rotated through 180°, isolating chamber A from the vacuum 
system and breaking the capillary tube immediately below the 
projection P. (In the case of a blank determination, F is rotated 
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through only 90°, isolating chamber A from the pumps, but not 
breaking the capillary.) 

2. At 45 seconds stop-cock B is turned to make connection with 
chamber A. 

3. At 1 minute, 30 seconds, stop-cock K is closed and stop-cock 
B is opened to the drying tube C. 

4. At 2 minutes, 30 seconds, stop-cock L is closed to disconnect 
the filament chamber from the vacuum pumps. Stop-cock J is 
closed to isolate a portion of the dried gases in chamber D and K 
is then opened, admitting this portion of the gases to the filament 
chamber. The maximum extent of the first deflection of the galva- 
nometer, which occurs as soon as the oxygen molecules come into 
contact with the tungsten filament, is the reading recorded. 

To prepare for another determination, the entire apparatus is 
again evacuated to a pressure of 10-° mm. of mercury. 

The times given above may be varied if desired. In several 
series of experiments, individual periods have been shortened as 
much as 50 per cent without significant change in the results. 
They may be lengthened indefinitely if the apparatus does not leak. 

Following the determination of a series of samples contained in 
tubes in the holes of the glass plug G, the plug is unseated and all 
broken capillaries and dried blood are removed from the chamber 
A. The holes in G are then refilled with new samples, the plug 
is placed in position, chambers A and B are evacuated, and the 
apparatus is ready for another series of determinations. 

Calculations and Cerrection of Results—The galvanometer deflec- 
tion obtained from a sample was corrected by subtracting the 
deflection of the blank immediately preceding it. 

Below is a sample calculation, from the experimental data given, 
of the oxygen content of a blood sample. 

Air Sample—Length of air column, 3.00 mm.; total length of 
water columns, 1.00 mm.; deflection of blank, or zero correction, 
4 mm.; deflection from sample, 166 mm. 

Blood Sample—Length of blood column, 3.00 mm.; length of 
reagent column, 3.00 mm.; zero correction, 4 mm.; deflection from 
sample, 103 mm. 

Equilibrations and measurements of column lengths were carried 
out at 23.0°, 760 mm. of mercury. 

Zero Correction—Net deflection for air sample = 166 — 4 = 
162mm. Net deflection for blood sample = 103 — 4 = 99 mm. 
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Calculation of Galvanometer Deflection per Unit Length of Column 
of Dried Oxygen—The length of the column of dried oxygen in the 
air sample, reduced to standard conditions of temperature and 
pressure, is given by: 3.00 X (760 — 21.1)/760 X 273/(273 + 23) 
xX 0.2096 = 0.564 mm. (saturation pressures of water vapor were 
taken from Landolt-Bérnstein (1923)). 

The corresponding value for the oxygen content of the distilled 
water in the air sample is given by: 1.00 X 0.006 = 0.006 mm. 

The galvanometer deflection per unit length of column of dried 
oxygen under standard conditions, or the sensitivity of the appa- 
ratus, is: 162/0.570 = 284.1 mm. of deflection per mm. of length. 

Calculation of Oxygen Content of Blood Sample—Equivalent 
column of dried oxygen, under standard conditions, obtained from 
both the blood sample and the solution = 


Deflection f le 99 
ectionforsample _ 99 _ 0 o48 mm. 


Sensitivity of apparatus ~ 984.1 





Column of dried oxygen, under standard conditions, obtained 
from solution alone = 3.00 X 0.006 = 0.018 mm. 

Column of dried oxygen, under standard conditions, obtained 
from blood alone = 0.348 — 0.018 = 0.330 mm. 

Oxygen content of blood = (100)(0.330)/3.00 = 11.0 volumes 
per cent. 


Control Experiments 


Nitrogen and Carbon Dioride—When allowance was made for 
the oxygen known to be present in dried tank nitrogen and carbon 
dioxide, it was found that these gases gave no deflection of the 
galvanometer when they were introduced into the chamber con- 
taining the hot tungsten filament. In other experiments it was 
found that neither nitrogen nor carbon dioxide diminished the 
accuracy of oxygen estimations when added in amounts up to 4 
times the volume of the oxygen present. 

When the filament current was increased by 50 per cent above 
the value necessary to give a cherry-red color to the filament, 
carbon dioxide still caused no decrease in the accuracy of the oxy- 
gen estimations. When the usual filament current was approxi- 
mately doubled, however, the filament being hot enough to give 
a brilliant white light, it was found that the presence of carbon 
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dioxide caused a decrease in the expected galvanometer deflections, 
For example, the response of the apparatus to oxygen was de- 
creased approximately 20 per cent by the introduction of carbon 
dioxide and oxygen in equal amounts. This phenomenon was 
probably due to a chemical reaction which does not occur at the 
filament temperature ordinarily employed, but it has not been 
investigated further. 

Water Vapor—Water vapor was found to give approximately 
15 per cent of the deflection obtained for an equal volume of oxy- 
gen, but the passage of a gas saturated with water vapor through 
the drying tube described (chamber C of Fig. 1) prevented this 
effect. Thus it was found that samples containing air alone and 
samples containing both air and a column of water yielded the 
same galvanometer deflection per unit volume of oxygen, although 
the water present in the moistened samples was more than ade- 
quate to fill chambers A and B of Fig. 1 with water vapor at the 
tension ccrresponding to room temperature. 

Method of Closing Tubes Containing Samples—Experiments were 
carried out in which samples of blood, prepared and sealed with 
De Khotinsky cement in the manner already described, were 
weighed before and after periods of centrifuging and exposure to 
avacuum. In other experiments the oxygen gas contents of such 
samples were determined after varying periods of such treatment. 
No significant loss of contents was detected. 

In order to determine the extent to which air might be included 
in the capillary tubes in an invisible form, and thus escape measure- 
ment, a series of thirteen tubes containing mercury alone was pre- 
pared. The average apparent oxygen content of the series was 
found to be 0.0014 + 0.0007 c.mm. and in no case was more than 
0.003 c.mm. of oxygen indicated. 

Extraction Period—The adequacy of the extraction period of 90 
seconds used in this investigation was demonstrated by a control 
experiment in which portions of the same blood sample were 
exposed to a vacuum for 90 seconds and for 15 seconds respectively. 
There was no significant difference in the amounts of oxygen given 
off in the two cases. 

Reproducibility and Proportionality of Galvanometer Deflections— 
The reproducibility of the oxygen determinations and the con- 
stancy of the ratio of the electrical readings to the oxygen present 
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were tested by the introduction of a series of twenty capillary tubes 
each containing approximately 1 c.mm. of air, and the introduction 
of another series of twelve samples containing from 0.1 to 4.0 c.mm. 
of air apiece. In each case the mean difference of the deflections 
per unit length of air column, from their average, was less than 
2.5 per cent of the average deflection. 

In order to determine the proportionality of the galvanometer 
deflections to the quantities of blood introduced, oxalated venous 
blood of man was confined under oil and a series of nine samples 
of the blood and potassium ferricyanide-saponin solution was 
prepared. With quantities of blood varying in volume from 0.3 
to 1.5 c.mm. it was found that the deflections per unit length of 
sample showed no systematic variations and their mean difference 
from their average was 3.0 per cent of the average deflection. 


Accuracy of Method 


Determinations were made of the oxygen contents of oxalated 
venous bloods of man and of portions of these samples which had 
been equilibrated with air, the blood volumes of the samples being 
in all cases 1 c.mm.or less. The results were compared with deter- 
minations of portions of these bloods made by the method of Van 
Slyke and Neill (1924). In a number of the experiments of this 
series, which are grouped separately in Table I, the carbon dioxide 
was removed from the gases extracted in the course of the micro- 
determinations by the addition of ascarite (Stetser, 1924) to the 
drying tube. It is evident that the presence of the carbon dioxide 
caused no significant systematic error. 

Considering the entire series, the results by the method of Van 
Slyke and Neill have been compared with the respective oxygen 
contents as obtained by the micromethod. The values shown in 
Table I indicate that the results of determinations by the micro- 
method were, on the average, 0.16 volumes per cent lower than 
the oxygen contents yielded by the Van Slyke and Neill apparatus. 
This difference may be caused by incomplete extraction of the 
oxygen from the blood. 

The individual results by the micromethod were corrected for 
the systematic error and the average deviations of the results from 
the respective Van Slyke and Neill values were determined. The 


* Dr. L. H. Collins and Mrs. C. L, Allison were so kind as to offer their 
services in making the Van Slyke and Neill determinations. 
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mean deviation found indicated an average non-systematic error 
for a single determination of 0.56 volume per cent. 


TaBLE I 
Comparison of Blood Oxygen Determinations Made by Micromethod and by 
Method of Van Slyke and Neill 


All data are expressed in volumes per cent. 
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> tent | > | tent 
19.4} 19.0, 18.8, 19.5, 19.2 19.1) 15.0} 14.2, 14.3, 14.0 | 14.2 
19.5} 19.7, 20.0, 19.5, 19.0, | 19.2) 14.5) 14.0, 14.4, 14.7, 14.0, | 14.5 

18.8, 17.9 14.8, 14.7 

8.7| 8.1, 9.0, 7.9, 8.2 8.3| 7.7| 7.2, 7.6, 7.3, 6.7 7.1 
8.7/ 8.6, 8.0, 9.5 8.7] 7.8 7.9, 7.6, 7.5, 7.7 7.7 
6.5} 7.0, 6.3, 6.6, 6.5 6.6}; 8.3) 8.1, 8.6, 10.0, 8.9,6.4 | 8.2 
14.1} 12.5, 14.3, 14.6 13.8) 11.4) 10.5, 10.9, 10.6, 11.3, | 10.9 
17.8| 18.4, 17.8, 17.0 | 17.7 11.6, 10.4 
9.7/ 9.1, 9.6, 9.1 | 9.3} 11.4) 10.2, 11.9, 12.8 | 11.6 
11.0| 10.8, 12.6, 10.6 11.3} 11.9] 11.7, 12.4, 11.4, 13.0, | 11.7 
15.0| 14.5, 14.0, 15.6, 15.3 | 14.8 11.2, 11.7, 11.2 
12.8] 11.3, 12.2, 12.8 | 12.1) 6.7] 6.1, 8.2, 7.6, 6.3 | 7.0 
17.6 | 17.0, 18.3, 18.5 | 17.9 
15.8| 14.7, 14.8, 15.0 | 14.6 | 











The average systematic difference, for the entire series, is —0.16 volume 
percent. After correction for the systematic difference, the average non- 
systematic difference for the entire series is 0.56 volume per cent. 


SUMMARY 


1. An electrical method is described for the determination of 
oxygen gas in amounts less than 1 c.mm. The positive ion cur- 
rent, resulting from the action of the oxygen upon a hot tungsten 
filament, was amplified and passed through a sensitive galvanome- 
ter. The initial galvanometer deflections were found to be pro- 
portional to the oxygen in the samples used. 

2. Determinations are shown to be unaffected by the presence 
of nitrogen, carbon dioxide, and water vapor. 

3. A technique is described for the application of the method 
to the determination of the oxygen content of samples of blood 
of 1 c.mm. in volume. 
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4. The results of a series of blood oxygen determinations on 
1 c.mm. samples of blood were found to be, on the average, 0.16 
volume per cent lower than the results of determinations on 1 cc. 
samples of the same bloods by the method of Van Slyke and Neill. 

5. In the same series of determinations the values obtained by 
the micromethod were corrected for the systematic difference and 
the average deviation of the results from the Van Slyke and Neill 
values was found to be 0.56 volume per cent. 


I make grateful acknowledgment of fruitful suggestions and 
valuable help from Professors A. N. Richards and D. W. Bronk, 
and Drs. A. M. Walker and C. J. Gamble. 
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Cystinyldiglycine: Synthesis 
(WHITE) 141 

















E 


Egg: White, antitrypsin (BA.Ls | 


and Swenson) 409 
Yolk fat, depot fat, relation 


(Atmquist, Lorenz, and 
BURMESTER) 365 
Enzyme: Proteolytic, fig tree 


latex (RoBBINs and Lamson) 
725 

See also Antitrypsin, Arginase, 
Glyoxalase, Pepsin, Rennin, 


Trypsin 
Ergot: Alkaloids (Jacops and 
Crai@) 393 


F 


Fat: Blood, lipemia, alimentary, 
effect (WILsoNn and HANNER) 

323 

Body, fatty acids, saturated, 


dietary, effect (BarBourR) 
281 
Egg yolk, depot fat, relation 
(Atmquist, Lorenz, and 
BURMESTER) 365 
-Free diet, male sterility effect 
(Evans, Lepxovsky, and 
Murpry) 445 


— —, reproduction and lacta- 
tion, effect (Evans, Lep- 
KOvskKy, and Murpuy) 

431 

Milk, human (Bosworts) 

235 

Fatty acids: Milk, lecithin-ceph- 
alin fraction (Kurtz, JAMIE- 
son, and Hom) 717 

Saturated, as energy source, 
reproduction and lactation 
effect (Evans, LEPKovskKy, 


and Murpuy) 441 
—,dietary, body fat, effect 
(BaRBouR) 281 
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| Fatty acids—continued: 
Unsaturated, vital need (EvANs, 
LeprKovsky, and Murpnry) 


431, 441, 445 

Fig: Tree, latex, proteolytic 
enzyme (Rosstins and Lam- 
son) 725 


Fish: Blood hemoglobin carbon 
monoxide-combining power, 
acidity effect (Roor and 


GREEN) 545 
Fluorosis: Reducing substances 
(PoHiturrs, Stare, = and 
ELVEHJEM) 41 


Tissue respiration (PHILLIPs, 
Srare, and E.tvensem) 41 


G 


Galacturonic acid: dl-, resolution 
(NIEMANN and Link) 773 
Glucose: Skin, determination, 
Hagedorn-Jensen method 
(PrttspuryY and Ku tcHar) 
351 
Glucuronic acid: a- and §-tetra- 
acetyl-, methyl ester, synthe- 

sis (GorEBEL and BaBers) 
63 
1-Chlorotriacetyl-, methyl 
ester, synthesis (GoEBEL and 





\ 





BaBERS) 63 
Derivatives (GorBEeL and 
BaBERS) 63 

l-, synthesis (NIEMANN and 
Link) 773 
Glycine: Cystinyldi-, synthesis 
(WHITE) 141 
Glyoxalase: Tissue, normal and 
cancerous (PuLatr- and 
ScHROEDER) 179 
Goat: Blood phosphate, _in- 
organic (CUTLER) 653 

— sugar (CUTLER) 653 
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Gonadotropic material: Deter- 
mination (KatTzMAN- and 
Dotsy) 125 


Growth: /-Tryptophane amides, 
effect (BAuGuEss and Brera) 


615 

H 
Hagedorn-Jensen: Skin glucose, 
determination (PILLSBURY 
and KuLcHar) 351 


Hemoglobin: Blood, carbon mon- 
oxide-combining power, fish, 
acidity effect (Root and 
GREEN) 545 

Formation, copper supplement 
to iron (ScHutTze, ELven- 
sem, and Hart) 735 

Henderson-Hasselbalch: Equa- 
tion, blood serum, apparent 
dissociation constant, value 
(Rosinson, Price, and Cut- 


LEN) 7 
—, urine, application (SENp- 
roy, Seevic, and VAN 
SLYKE) 463 


Hexuronic acids: Synthesis (Nre- 
MANN and Link) 773 
Homomethionine: Synthesis (pu 


ViengeaupD, Dyer, Jongs, 
and PATTERSON) 401 
Hydroxyamino acids: Phos- 
phoric esters, synthesis 
(LeEvENE and ScHoRMULLER) 

595 


Hydroxyprolinephosphoric acid: 
l-, synthesis (LEVENE and 
ScHoRMULLER) 595 


I 


Insulin: Blood lipids, depancrea- 
tized dog, effect (CHAIKorr 
and KaPLan) 267 





Index 


Insulin— continued: 
Pancreas, cattle, age effect 
(FisHer and Scorrt) 305 
Peptic hydrolysis (FIisHER and 
Scott) 289 
Todoacetic acid: Mercaptans and 
amines, reaction (MICHAELIS 
and ScHUBERT) 331 
Iron: Hemoglobin formation, cop- 
per supplement (ScHuLTze, 
E.vensem, and Harr) : 
735 


Liver, distribution, peptic di- 
gestion and autolysis 
(McFarLane) 245 


Tissue, distribution, peptic di- 
gestion and autolysis (Mc- 


FARLANE) 245 

K 
Keratin: (Gopparp and Mr- 
CHAELIS) 605 
Kynurenic acid: Production, 


l-tryptophane amides, effect 
(Baueuess and Bere) 


615 

L 
Lactation: Fat-free diet, effect 
(Evans, Lepkovsky, and 
Murpuy) 431 


Fatty acids, saturated, as en- 
ergy source (Evans, LepKov- 
sky, and Murpuy) 441 

Latex: Fig tree, proteolytic 
enzyme in (RoBBINS and 
LAMSON) 725 

Lecithin: -Cephalin fraction, 
milk, fatty acids (Kurtz, 
JAMIESON, and Hotm) 717 

Leucine: Absorption rate, gas- 
trointestinal tract (CHASE 
and Lewis) 315 











Leucine—continued: 

Isomers, absorption rate, gas- 
trointestinal tract (CHASE 
and Lewis) 315 

Lipemia: Alimentary, blood 
lipid, total, and iodine num- 
ber, effect (Wi~son and 
HANNER) 323 

Lipid(s): Blood cells, microdeter- 
mination, gasometric (Krrk, 
Pace, and Van StYKE) 203 

—, depancreatized dog, insulin 
effect (CHarkorr and Kap- 


LAN) 267 
— plasma, microdetermina- 
tion, gasometric (Krrk, 


Pace, and VANSiYKE) 203 
Milk (Kurrz, Jamieson, and 
Hom) 717 
Tissue, microdetermination, 
gasometric (Kirk, Pacs, and 
Van SLYKE) 203 
Total, blood, lipemia, alimen- 
tary, effect (Wizson and 


HANNER) 323 
Tubercle bacillus, chemistry 
(SprELMAN) 87 


Liver: Iron distribution, peptic 


digestion and_ autolysis 
(McFarRLane) 245 
Lysergic acid: (Jacops_ and 
CralG) 393 
Lysine: dl-, synthesis (Eck and 
MARVEL) 387 


M 


Magnesium: Deficiency (Krussz, 
Scumipt, and McCo.iuivum) 


553 
(OrENT, Kruse, and Mc- 
CoLiuM) 573 
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Magnesium—continued: 
Deprivation, blood effect 
(OrenT, Krusz, and Mc- 


Co.Lium) 573 
—, bone effect (OrENT, Kruse, 
and McCo.tium) 573 


—, mineral metabolism effect 
(Kruse, Scumipt, and 
McCo.uivum) 553 

Mercaptans: Iodoacetic acid 
reaction (MICHAELIS and 
ScHUBERT) 331 

Methanes: Disubstituted, sym- 
metrical, from optically 
active homologous series of 
disubstituted carboxylic 
acids and derivatives (Lz- 
VENE and MARKER) 173 

Methionine: Homo-, synthesis 
(pu ViGgNEAuD, Dyer, 
JonEs, and PatTEeRson) 


401 
Proteins, determination 
(BAERNSTEIN) 451 


Milk: Human, non-protein nitro- 
gen constituents (ERIcKson, 


Guuiick, HunscHer, and 
Macy) 145 
Lipids (Kurtz, Jamieson, and 
Hom) 717 


Mineral: Metabolism, magne- 
sium deprivation, effect 


(Kruse, Scumipt, and 
McCo.ivum) 553 
Monoacetone d-xyloketose : 


(Levenz and Tirpson) 603 


N 


Nitrogen: Non-protein, constit- 
uents, milk, human (Ericx- 
son, GuLick, HunscHer, and 
Macy) 145 
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Nucleotides: Ribose, synthesis 
(LevENE and Tipson) 113 
Nutrition: Blood serum inorganic 
phosphorus, horse, effect 
(Pearson) 1 

O 


Oxidation-reduction: (BALL) 
515 
Oxygen: Blood, ultramicrodeter- 
mination (DoNAL) 783 


P 


Pancreas: Insulin, cattle, age 
effect (FisHer and Scorrt) 
305 

Pancreatectomy: Blood lipids, 
insulin effect (CHAIKOFF and 





KAPLAN) 267 
Parathyroid extract: (MorGaAn, 
KimMEL, THOMAS, and 
SAMIScH) 531 
Parathyroidectomy: Rickets, 
effect (JonEs) 701 
Pentocystine: Synthesis (pu 
VIGNEAUD, Dyer, JONEs, 
and PaTTEeRson) 401 | 


Pepsin: Casein digestion (JonEs 
and GERSDORFF) 707 





Index 


Phosphorus: Blood, partition, 
chicken (HELLER, PAut, and 
THOMPSON) 357 


Inorganic, blood serum, age 
and nutrition, effect (PEaAr- 
SON) 1 

Phthiocol: Tubercle bacillus, 
human (BALL) 515 
Pigment: Carotenoid, absorption 
spectra, liquid air tempera- 
tures (H1LBERT and JANSEN) _ 

97 

—, cow-pea leaves, absorption 
spectra, liquid air tempera- 
tures (H1LBERT and JANSEN) 

97 

Tubercle human 

(BALL) 515 

Potassium: Dietary, blood cell, 
red, sodium, influence (But- 

LER and MacKay) 107 
Proline: Oxidation, tissues 
(BERNHEIM and BERNHEIM) 

79 

Prolinephosphoric acid: /-Hy- 
droxy-, synthesis (LEVENE 
and ScHoORMiULLER) 595 


Proteins: Amino acids, basic, de- 


bacillus, 


Digestion, tissues, iron in | termination (Biock) 457 
(McFarLane) 245 | Digestibility in vitro (JoNnEs 
Insulin hydrolysis (Fisuer and | and GERSDORFF) : 707 
Scorr) 289 | Methionine determination 
Zymogens (KLEINER and | (BAERNSTEIN) 451 
TAUBER) 501 | Proteolysis: Enzyme, fig tree 
Periplogenin: Trianhydro-, deriv- | latex (RopBrns and Lamson) 
atives, ultra-violet absorp- | 725 
tion spectra (ELDERFIELD 
and RoTHEN) 71 | R 
Phosphate: Inorganic, blood, Reducing substances: Fluorosis 
goat (CUTLER) 603 (Puituirs, Srare, and 
Phosphoric acid: Microdetermi- ELVEHJEM) 41 


nation, gasometric (Kirk) 


191 | 


Scurvy (Puriurps, Stare, and 
ELVEHJEM) 


41 




















Rennin: Zymogens (KLEINER 
and TAUBER) 501 
Reproduction: Fat-free diet, 
effect (Evans, LEPKOvskKyY, 
and Murpuy) 431 
Fatty acids, saturated, as 
energy source (Evans, 
Lerkovsky, and Murpuy) 
441 
Rhamnofuranoside: Theophyl- 
line-5-methyl-, synthesis 
(LEvENE and Musxkart) 
761 
Ribose: d-, acetone derivatives 
(LEVENE and STILLER) 421 
Nucleotides, synthesis (Lz- 


VENE and Tipson) 113 
Rickets: Parathyroidectomy 
effect (JonEs) 701 

Ss 
Scurvy: Reducing substances 
(PHILLIPS, STARE, and 
ELVEHJEM) 41 


Tissue respiration (PHILLIPs, 
Stare, and ELtvensem) 41 
Serinephosphoric acid: dl-, reso- 
lution (LEVENE and ScHor- 
MULLER) 595 
Skin: Glucose, determination, 
Hagedorn-Jensen method 
(PittsBpuRY and KuicHar) 
351 
Sodium: Blood cell, red, dietary 
sodium and potassium, in- 
fluence (BuTLER and Mac- 
Kay) 107 
Dietary, blood cell, red, so- 
dium, influence (BuTLER and 
MacKay) 107. 
Sodium tungstate: Molybdate- 
free, preparation (Fo.tn) 
311 








Subjects 813 


Sterility: Male, fat-free diet 
effect (Evans, LerKovsky, 
and Murpuy) 445 


Strophanthidin: Trianhydro-, 
derivatives, ultra-violet ab- 
sorption spectra (ELpER- 


FIELD and RoTHEN) 71 
Strophanthin: (ELDERFIELD and 
RoTHEN) 71 

T 


Tetraacetylglucuronic acid: a- 
and 6-, methyl ester, synthe- 
sis (GOEBEL and Bapers) 

63 

Theophylline- 5- methyl-rhamno- 
furanoside: Synthesis (Lz- 
VENE and Muskart) 761 

Tissue: Alanine oxidation by 
(BERNHEIM and BERNHEIM) 

79 

Lipids, microdetermination, 
gasometric (Kirk, Pacer, and 
Van SLYKE) 203 
Proline oxidation by (Brrn- 
HEIM and BERNHEIM) 79 
Respiration, fluorosis and 
scurvy (PHILLIPS, STARE, and 
ELVEHJEM) 41 

Trianhydroperiplogenin: Deriva- 
tives, ultra-violet absorption 
spectra (ELDERFIELD and 
RoTHEN) 71 

Trianhydrostrophanthidin: De- 
rivatives, ultra-violet ab- 
sorption spectra (ELDERFIELD 
and, RoTHEN) 71 


Tryspin: Anti-, egg white (BALLs 


and SwENsoN) 409 
Differentiation, anaphylactic 
test (Ten Broeck) 729 





814 


Tryptophane: /-, amides, growth 
effect (BauaugEss and Brera) 

615 

—, —, kynurenic acid produc- 
tion (BAuauEss and Berra) 


615 

Metabolism (Baucurss and 
Bere) 615 
Tubercle bacillus: Human, 
phthiocol (Bax) 515 
Lipids, chemistry (SrretMan) 
87 

Tuberculostearic acid (Spret- 
MAN) 87 


Tuberculin: Purified, spectrum 
analysis (SpreGeL-ADOLF and 
SEIBERT) 373 

Tuberculostearic acid: Tubercle 
bacillus lipids (SpreLMan) 


87 

U 
Uric acid: Reagent, preparation 
(Fouin) 311 


Uridine 5-phosphorsic acid: Syn- 
thesis (LeEvENE and Tipson) 


113 

Urine: Acid-base equilibrium 
(Senproy, SzeiGc, and Van 
SLYKE) 479 
Carbon dioxide tension (SeNnp- 
roy, Seeric, and Van 
SLYKE) 479 


Henderson-Hasselbalch equa- 
tion, application (SenpRoy, 
Seetic, and Van SLYKE) 

463 
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Vv 


Valine: Absorption rate, gastro- 
intestinal tract (CHASE and 
LEwIs) 315 

Isomers, absorption rate 
gastrointestinal tract (CHasE 
and Lewis) 315 

Vigna sinensis: See Pea 

Viosterol: (Morcan, KIMMEL, 
Tuomas, and Samiscn) 

531 

Vitamin: B growth-promoting 
factor, whole wheat (HA..I- 
DAY) 29 

C, tissue, human (Yavorsky, 
ALMADEN, and Kina) 525 


WwW 
Wheat: Whole, vitamin B 
growth-promoting factor 
(Hauuipay) 29 
x 
Xyloketose: d-, monoacetone 


(LEVENE and Trpson) 603 


Z 


Zinc hydroxide: Blood filtrates, 
protein-free, preparation 
(LETONOFF) 693 




















